PATENT ABSTRACTS OF JAPAN 



(1 1 Publication number : 2000-02831 1 

(43)Date of publication of application : 28.01.2000 



(51)Int.CI. 




G01B 7/28 
G06T 1/00 




(21 Application number : 


10-193455 


(71)Applicant : 


NIPPON TELEGR & TELEPH CORP <NTT> 


(22)Date of filing : 


08.07.1998 


(72)Inventor : 


MORIMURA HIROTOSHI 








SHIGEMATSU TOMOSHI 








MACHIDA KATSUYUKI 








HIRATA AK1HIKO 



(54) SURFACE SHAPE RECOGNITION SENSOR CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve a detecting accuracy of a surface shape 
recognition circuit by providing an amplifier circuit for amplifying a level of a signal 
by a signal generating means (detecting element) to produce an output to an 
output circuit. 

SOLUTION: The surface shape recognition sensor circuit recognizes a surface 



shape having a fine protrusion and recess pattern such as a person's fingerprint, an . 1..—. T l-ffiT — !v^L 

animal's muzzle pattern or the like. In a detecting element 10 in which an electric I rTL i iT^'i * 



amount is changed according to a finger s contact with an object to be recognized, 
a fingers skin brought into contact with a passivation film 17 functions as an 
electrode, and an electrostatic capacity is formed between the electrode and a 
sensor electrode 1 6. This capacity alters according to the fingers protrusion and 
recess pattern for forming the fingerprint. After an output signal of the element 10 
is level amplified by an amplifier 30, the signal is converted into a desired signal, 

and output from each sensing unit. The signal output from the each unit is a signal for reflecting the protrusion 
and recess pattern of the fingerprint. Accordingly, a fingerprint pattern can be detected based on the signals. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Two or more detection means by which it is arranged two-dimensional and quantity of 
electricity changes with contact for recognition, 1st signal generation means to generate the signal 
according to quantity of electricity of said detection means, In the sensor circuit for surface type-like 
recognition where it has an output means to change and output the signal by said 1st signal generation 
means, and the shape of surface type for [ said ] recognition is recognized based on the output signal of 
said output means The sensor circuit for surface type-like recognition characterized by having a 
magnification means to be connected to the input side of said output means, and to amplify the level of 
the signal by said 1st signal generation means, and to output to said output means. 
[Claim 2] It is the sensor circuit for surface type-like recognition characterized by being arranged near 
said detection means by which each of said 1st signal generation means and said magnification means 
corresponds in claim 1 . 

[Claim 3] It is the sensor circuit for surface type-like recognition characterized by being arranged near 
said magnification means by which said output means corresponds in claim 2. 

[Claim 4] claims 1-3 — the sensor circuit for surface type-like recognition characterized by sharing said 
1st signal generation means by said two or more detection means to approach mutually, in any or the 
1 st term. 

[Claim 5] claims 1-3 — the sensor circuit for surface type-like recognition characterized by sharing said 
magnification means by said two or more detection means to approach mutually, in any or the 1st term. 
[Claim 6] claims 1-3 — the sensor circuit for surface type-like recognition characterized by sharing said 
output means by said two or more detection means to approach mutually, in any or the 1st term. 
[Claim 7] claims 1-3 — the sensor circuit for surface type-like recognition characterized by preparing 
each of said 1st signal generation means, said magnification means, and said output means for said 
every detection means in any or the 1st term. 

[Claim 8] In any or the 1st term claims 1-7 — said magnification means One input terminal and two 
output terminals It has. One [ said ] output terminal The 1st component from which it connects with 
said detection means and the output terminal of said another side is connected to said output means, 
said input terminal is connected to the source of a constant voltage, and between said each output 
terminal will be in switch-on when the absolute value of the potential difference between said input 
terminal and one [ said ] output terminal is larger than the absolute value of a threshold, So that it may 
connect with the output terminal of said another side of this 1 st component and the absolute value of 
the potential difference between said input terminal of said 1st component and one [ said ] output 
terminal may turn into below the absolute value of said threshold at the time of a halt of said 1st signal 
generation means The sensor circuit for surface type-like recognition characterized by having the 1 st 
switching means which impresses an electrical potential difference to the output terminal of said 
another side, and stops impression of said electrical potential difference at the time of actuation of said 
1st signal generation means. 

[Claim 9] claims 1-7 — the sensor circuit for surface type-like recognition characterized by having a 
reference signal generating means to connect with the input side of said magnification means, and to 
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genferate a reference signal in any or the 1st term, and said magnification means including a means to 
change amplification degree based on the size of the level of the signal by said 1st signal generation 
means, and the level of said reference signal. 

[Claim 10] Said means included in said magnification means in claim 9 is a sensor circuit for surface 
type-like recognition which makes said amplification degree small when the level of the signal by said 
1st signal generation means is smaller than the level of said reference signal, and is characterized by 
being the means which enlarges said amplification degree when the level of the signal by said 1st signal 
generation means is larger than the level of said reference signal. 

[Claim 11] It is the sensor circuit for surface type-like recognition characterized by being the signal of 
the same level as the signal which generates said reference signal from said 1st signal generation means 
in claim 9 or 10 corresponding to predetermined quantity of electricity of said detection means. 
[Claim 12] It is the sensor circuit for surface type-like recognition characterized by having generated 
said reference signal corresponding to said predetermined quantity of electricity of a criteria means by 
which said reference signal generating means has said predetermined quantity of electricity in claim 11, 
and said criteria means, and having said 1 st signal generation means and the 2nd signal generation 
means of the same configuration. 

[Claim 13] It is the sensor circuit for surface type-like recognition characterized by being the 
component or semiconductor device in which said criteria means was formed in claim 12 using wiring. 
[Claim 14] In claim 12 or 13 said magnification means The 1st and 2nd components from which it has 
one input terminal and two output terminals, and between said each output terminal will be in switch-on 
when the absolute value of the potential difference of said input terminal and one [ said ] output 
terminal is larger than the absolute value of a threshold, While one [ said ] output terminal is connected 
to said detection means, as for said 1st component, said input terminal is connected to the output 
terminal of said another side of said 2nd component. Said 2nd component While one [ said ] output 
terminal is connected to said criteria means, said input terminal is connected to the output terminal of 
said another side of said 1st component. Said 1st [ the ] To and the output terminal of said another side 
of each 2nd component So that it may connect and the absolute value of the potential difference of said 
input terminal of each of said 1st and 2nd components and one [ said ] output terminal may turn into 
below the absolute value of said threshold at the time of a halt of said 1st and 2nd signal generation 
means It has the 2nd switching means which impresses an electrical potential difference to the output 
terminal of each of said another side, and stops impression of said electrical potential difference at the 
time of actuation of said 1st and 2nd signal generation means. The sensor circuit for surface type-like 
recognition characterized by connecting said output means at least to one side of the output terminal of 
said another side of each of said 1st and 2nd components. 

[Claim 15] It is the sensor circuit for surface type-like recognition characterized by being the output 
means of the differential form where said output means was connected to both output terminals of said 
another side of each of said 1st and 2nd components in claim 14. 

[Claim 16] In claim 14 or 15 said magnification means Furthermore While connecting between the output 
terminals of said another side of each of said 1st and 2nd components and short-circuiting between the 
output terminals of each of said another side at the time of a halt of said 1st and 2nd signal generation 
means The sensor circuit for surface type-like recognition characterized by having the 3rd switching 
means which opens between the output terminals of each of said another side at the time of actuation 
of said 1st and 2nd signal generation means. 

[Claim 17] claims 9-16 — the sensor circuit for surface type-like recognition characterized by arranging 
said reference signal generating means near said magnification means to correspond, in any or the 1st 
term. 

[Claim 18] claims 9-17 — the sensor circuit for surface type-like recognition characterized by sharing 
said reference signal generating means by said two or more magnification means to approach mutually, 
in any or the 1st term. 
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[Claim 19] claims 9-17 — the sensor circuit for surface type-like recognition characterized by 
establishing said reference signal generating means for said every magnification means in any or the 1st 
term. 

[Claim 20] claims 1-20 — the sensor circuit for surface type-like recognition which said detection 
means is capacity and is characterized by connecting the input side of said magnification means at the 
joint of said detection means and said 1st signal generation means in any or the 1st term. 
[Claim 21] claims 1-20 — the sensor circuit for surface type-like recognition which said detection 
means is a variable resistive element from which resistance changes with contact for recognition, and is 
characterized by carrying out series connection of the 1st [ said ] signal generation means, said 
detection means, and said magnification means to this order in any or the 1st term. 
[Claim 22] claims 1-20 — the sensor circuit for surface type-like recognition which said detection 
means is a switching device which is formed by the micro machine technique, and opens and closes a 
circuit based on contact for recognition, and is characterized by carrying out series connection of the 
1st [ said ] signal generation means, said detection means, and said magnification means to this order in 
any or the 1 st term. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the sensor circuit for surface type-like recognition 
which recognizes the shape of surface type which has detailed irregularity, such as human being's 
fingerprint and a muzzle pattern of an animal. 
[0002] 

[Description of the Prior Art] As a sensor which recognizes the shape of surface type, what used 
especially fingerprint detection as the target is reported. Moreover, the sensor of a capacity detection 
form using the LSI manufacturing technology as a technique of detecting the pattern of a fingerprint is 
proposed. This is 'ISSCC DIGEST OF TECHNICAL PAPERS'. FEBRUARY1998 It is indicated by pp.284- 
285. The sensor of a capacity detection form detects the electrostatic capacity formed on an LSI chip 
between the electrode of the small sense unit arranged by two-dimensional, and the skin of the finger 
touched through the insulator layer, and senses the concavo-convex pattern of a fingerprint. Since the 
values of the capacity formed of the irregularity of a fingerprint differ, the irregularity of a fingerprint can 
be sensed by detecting this capacity difference. 

[0003] Drawing 20 is the block diagram showing the basic configuration of the conventional sensor 
circuit for surface type-like recognition which used this principle. That is, the conventional sensor 
circuit for surface type-like recognition is constituted by the sensing element 110 which consists of 
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electrostatic capacity formed between an electrode and the skin of the finger touched through the 
insulator layer, the signal generating circuit 120 which generates the voltage signal according to the 
value of the electrostatic capacity of a sensing element 110, and the output circuit 140 which changes 
and outputs the voltage signal by the signal generating circuit 120. 

[0004] Drawing 21 is the plot plan of the conventional sensor circuit for surface type-like recognition. 
This sensor circuit for surface type-like recognition has two or more above-mentioned sensing elements 
110, signal generating circuits 120, and output circuits 140 every, respectively, among these, a sensing 
element 1 10 and a signal generating circuit 120 — the sense unit 101 of a lot consists of every one 
piece each, on an LSI chip, two-dimensional array of each sense unit 101 is carried out, and it forms the 
sensor array 102. Moreover, each output circuit 140 is arranged around the sensor array 102, and forms 
the output section 104. 

[0005] Since the value of the electrostatic capacity of a sensing element 1 10 is decided by distance of 
the electrode of the sense unit 1 01 , and the skin of a finger, the value of the electrostatic capacity of a 
sensing element 1 10 changes with irregularity of a fingerprint. Therefore, if the depression of the finger 
is carried out on the sensor array 102, the voltage signal according to the irregularity of a fingerprint will 
be outputted from each sense unit 101. This voltage signal is changed into the signal of the request 
which reflected the irregularity of a fingerprint in the output section 104, and a fingerprint pattern is 
detected. 

[0006] Then, it explains in more detail about the configuration and actuation of the sensor circuit for 
surface type-like recognition which were shown in drawing 20 . Drawing 22 is the circuit diagram of this 
sensor circuit for surface type-like recognition. In drawing 22 , Cf is electrostatic capacity formed 
between the electrode of the sense unit 101, and the skin of the finger touched through the insulator 
layer. The electrode of the sense unit 101 is connected to the input side of the current source 121 of 
Current I through the NchMOS transistor Q3. Moreover, the input side of an output circuit 140 is 
connected at the joint N1 of an electrode and a transistor Q3. Moreover, supply voltage VDD is 
impressed to a joint N1 through the PchMOS transistor Q1. This joint N1 has parasitic capacitance Cp1. 
Furthermore, Signals PRE (bar) and RE are impressed to the gate terminal of transistors Q1 and Q3, 
respectively. A sensing element 110 is constituted by capacity Cf and a signal generating circuit 120 is 
constituted by a current source 121 and the transistor Q3. 

[0007] Drawing 23 is a timing chart for explaining actuation of the sensor circuit for surface type-like 
recognition shown in drawing 22 . At first, the signal PRE (bar) of High level (VDD) is given to the gate 
terminal of a transistor Q1, and the signal RE of Low level (GND) is given to the gate terminal of a 
transistor Q3. Therefore, neither of transistors Q1 and Q3 have flowed at this time. If Signal PRE (bar) 
changes from High level to Low level in this condition, a transistor Q1 will be in switch-on. At this time, 
since a transistor Q3 is still non-switch-on, the potential of a joint N1 is precharged at VDD. 
[0008] After precharge is completed, Signal RE changes to High level at the same time Signal PRE (bar) 
changes to High level. By this, a transistor Q1 will be in non-switch-on, a transistor Q2 will be in 
switch-on, and the charge charged according to the current source 121 at the joint N1 is drawn out. 
Consequently, the potential of a joint N1 falls. If the period which makes Signal RE High level is set to 
deltat, potential fall deltaV of the joint N1 after deltat progress will become Ideltat/(Cf+Cp1). 
[0009] Since Current I, period deltat, and parasitic capacitance Cp1 are fixed respectively, potential fall 
deltaV is determined by capacity Cf. Since the sense unit 101 is decided by distance of the electrode of 
a sensor, and the skin of a finger, the value of capacity Cf changes with irregularity of a fingerprint. The 
magnitude of fall potential deltaV changes from this reflecting the irregularity of a fingerprint. Since this 
potential fall deltaV is supplied to an output circuit 140 as an input signal, the size of deltaV is identified 
in an output circuit 1, and the signal reflecting the irregularity of a fingerprint is outputted. 
[0010] 

[Problem(s) to be Solved by the Invention] However, in the case of the conventional sensor circuit for 
surface type-like recognition, if the parasitic capacitance Cp1 of a joint N1 is large, potential fall deltaV 
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4) will become small. If the circuit actually shown in drawing 22 is realized using an LSI manufacturing 
technology, the bigger parasitic capacitance Cp1 than capacity Cf will be formed. It is also possible to 
enlarge potential fall deltaV by enlarging period deltat which makes High level Current I or Signal RE of a 
current source 121. However, since the control with manufacture dispersion of each sense unit 101 will 
become difficult if Current I is large, for raising detection precision, the rather smaller one of Current I is 
desirable. Moreover, period deltat can also seldom be enlarged from the relation of detection time. 
[0011] Consequently, deltaV as a signal inputted into an output circuit 140 will decrease, an output will 
be changed by the noise margin, manufacture dispersion, etc., and surface type-like detection precision 
will fall, therefore, the parasitic capacitance Cp1 formed in a manufacture process as described above - 

- the signal change reflecting the irregularity of a fingerprint decreased under the effect of a parasitic 
element [ like ], and there was a problem that the detection precision of the sensor circuit for surface 
type-like recognition will fall. 

[0012] It is made in order that this invention may solve such a technical problem, and the purpose is in 

raising the detection precision of the sensor circuit for surface type-like recognition. 

[0013] 

[Means for Solving the Problem] Two or more detection means by which this invention is arranged two- 
dimensional and quantity of electricity changes with contact for recognition in order to attain the above- 
mentioned purpose, It has 1st signal generation means to generate the signal according to quantity of 
electricity of a detection means, and an output means to change and output the signal by the 1st signal 
generation means. In the sensor circuit for surface type-like recognition where the shape of surface 
type for recognition is recognized based on the output signal of an output means, it has a magnification 
means to be connected to the input side of an output means, and to amplify the level of the signal by 
the 1st signal generation means, and to output to an output means. Moreover, each of the 1st signal 
generation means and a magnification means is arranged near a detection means by which invention 
according to claim 2 corresponds in invention according to claim 1. Moreover, the output means is 
arranged near a magnification means by which invention according to claim 3 corresponds in invention 
according to claim 2. moreover, invention according to claim 4 — claims 1-3 — in invention any or given 
in 1 term, the 1st signal generation means is shared by two or more detection means to approach 
mutually, moreover, invention according to claim 5 — claims 1-3 — in invention any or given in 1 term, a 
magnification means is shared by two or more detection means to approach mutually, moreover, 
invention according to claim 6 — claims 1-3 — in invention any or given in 1 term, an output means is 
shared by two or more detection means to approach mutually, moreover, invention according to claim 7 

— claims 1-3 — in invention any or given in 1 term, each of the 1st signal generation means, a 
magnification means, and an output means is prepared for every detection means. In invention any or 
given in 1 term moreover, invention according to claim 8 — claims 1-7 — a magnification means One 
input terminal and two output terminals The 1st component from which while has, an output terminal is 
connected to a detection means, the output terminal of another side is connected to an output means, 
and an input terminal will be connected to the source of a constant voltage, and between each output 
terminal will be in switch-on when the absolute value of the potential difference between an input 
terminal and one output terminal is larger than the absolute value of a threshold, So that it may connect 
with the output terminal of another side of this 1 st component and the absolute value of the potential 
difference between the input terminal of the 1st component and one output terminal may turn into below 
the absolute value of a threshold at the time of a halt of the 1st signal generation means It has the 1st 
switching means which impresses an electrical potential difference to the output terminal of another 
side, and stops impression of an electrical potential difference at the time of actuation of the 1st signal 
generation means, moreover, invention according to claim 9 — claims 1-7 — in invention any or given in 
1 term, it has a reference signal generating means to connect with the input side of a magnification 
means, and to generate a reference signal, and a magnification means includes a means to change 
amplification degree based on the size of the level of a signal, and the level of a reference signal by the 
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1st 'signal generation means. Moreover, it is a means by which invention according to claim 10 makes 
amplification degree small when the means included in a magnification means in invention according to 
claim 9 has the level of the signal by the 1st signal generation means smaller than the level of a 
reference signal, and it enlarges amplification degree when the level of the signal by the 1st signal 
generation means is larger than the level of a reference signal. Moreover, it is the signal of the same 
level as the signal with which invention according to claim 1 1 generates a reference signal from the 1st 
signal generation means in invention according to claim 9 or 10 corresponding to predetermined quantity 
of electricity of a detection means. Moreover, in invention according to claim 1 1 , the reference signal 
generating means generated the reference signal corresponding to predetermined quantity of electricity 
of a criteria means with predetermined quantity of electricity, and a criteria means, and invention 
according to claim 12 is equipped with the 1st signal generation means and the 2nd signal generation 
means of the same configuration. Moreover, invention according to claim 13 is the component or 
semiconductor device in which the criteria means was formed using wiring in invention according to 
claim 12. Invention according to claim 14 is set to invention according to claim 12 or 13. Moreover, a 
magnification means The 1st and 2nd components from which it has one input terminal and two output 
terminals, and between each output terminal will be in switch-on when the absolute value of the 
potential difference of an input terminal and one output terminal is larger than the absolute value of a 
threshold, As for the 1st component, an input terminal is connected to the output terminal of another 
side of the 2nd component while one output terminal is connected to a detection means. The 2nd 
component An input terminal is connected to the output terminal of another side of the 1st component 
while one output terminal is connected to a criteria means. So that it may connect with the output 
terminal of another side of each 1st and 2nd components and the absolute value of the potential 
difference of the input terminal of each 1st and 2nd components and one output terminal may turn into 
below the absolute value of a threshold at the time of a halt of the 1st and 2nd signal generation means 
It has the 2nd switching means which impresses an electrical potential difference to the output terminal 
of each another side, and stops impression of an electrical potential difference at the time of actuation 
of the 1st and 2nd signal generation means, and the output means is connected at least to one side of 
the output terminal of another side of each 1st and 2nd components. Moreover, invention according to 
claim 1 5 is the output means of the differential form where the output means was connected to both 
output terminals of another side of each 1st and 2nd components, in invention according to claim 14. 
Moreover, in invention according to claim 14 or 15, invention according to claim 16 is equipped with the 
3rd switching means which opens between the output terminals of each another side at the time of 
actuation of the 1st and 2nd signal generation means while it connects further between the output 
terminals of another side of each 1st and 2nd components and a magnification means short-circuits 
between the output terminals of each another side at the time of a halt of the 1st and 2nd signal 
generation means, moreover, invention according to claim 17 — claims 9-16 — in invention any or given 
in 1 term, the reference signal generating means is arranged near a magnification means to correspond, 
moreover, invention according to claim 18 — claims 9-17 — invention any or given in 1 term It is and a 
reference signal generating means is shared by two or more magnification means to approach mutually, 
moreover, invention according to claim 19 — claims 9-17 — in invention any or given in 1 term, the 
reference signal generating means is established for every magnification means, moreover, invention 
according to claim 20 — claims 1-20 — in invention any or given in 1 term, a detection means is 
capacity and the input side of a magnification means is connected at the joint of a detection means and 
the 1st signal generation means, moreover, invention according to claim 21 — claims 1-20 — in 
invention any or given in 1 term, a detection means is a variable resistive element from which resistance 
changes with contact for recognition, and series connection of the 1st signal generation means, 
detection means, and magnification means is carried out to this order, moreover, invention according to 
claim 22 — claims 1-20 — in invention any or given in 1 term, a detection means is a switching device 
which is formed by the micro machine technique, and opens and closes a circuit based on contact for 
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recognition, and series connection of the 1st signal generation means, detection means, and 
magnification means is carried out to this order. 

[0014] After amplifying the level of the signal according to quantity of electricity of a detection means 
with a magnification means, attenuation of the input signal of an output means can be controlled by 
supplying an output means. Moreover, the size of the level of a signal according to quantity of electricity 
of a detection means can be puffed up by establishing a reference signal generating means and changing 
the amplification degree of a magnification means based on the size of the signal level of a signal and 
each reference signal according to quantity of electricity of a detection means. 
[0015] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a 
detail using a drawing. 

(Gestalt of the 1st operation) Drawing 1 is the perspective view showing the whole gestalt of operation 
of the 1st of the sensor circuit for surface type-like recognition by this invention. This sensor circuit for 
surface type-like recognition makes the sense unit 1 the configuration unit. On an LSI chip, each sense 
unit 1 is estranged mutually, is arranged in the shape of a grid, and forms the sensor array 2. 
[0016] Drawing 2 is the block diagram showing the configuration of the sense unit 1 shown in drawing 1 . 
That is, the sense unit 1 is constituted by the sensing element 10 from which quantity of electricity 
changes with contact for [, such as human being's finger 3, ] recognition, the 1st signal generating circuit 
20 which generates the signal according to quantity of electricity of this sensing element 10, the signal 
amplifying circuit 30 which amplifies and outputs the level of the signal by this signal generating circuit 
20, and the output circuit 40 which changes and outputs the output signal of this signal amplifying circuit 
30 to a desired signal. Drawing 2 shows the sensor circuit for surface type-like recognition using the 
sensing element 10 which consists of electrostatic capacity formed between the sensor electrodes of 
the sense unit 1 and the skins of a finger 3 which are mentioned later, the input side of the signal 
amplifying circuit 30 is connected in this case at the joint of a sensing element 10 and a signal 
generating circuit 20, and an output circuit 40 is connected to the output side of this signal amplifying 
circuit 30. 

[0017] Drawing 3 is the sectional view showing the configuration of the sensing element 10 in drawing 2 . 
That is, the lower layer insulator layer 12 is formed on the formed semi-conductor substrates 11, such 
as LSI, and wiring 13 is formed on this lower layer insulator layer 12. Furthermore, the interlayer 
insulation film 14 is formed on wiring 13 and the lower layer insulator layer 12, and the rectangular 
sensor electrode 16 is formed for example, for the flat-surface configuration on this interlayer insulation 
film 14. This sensor electrode 16 is connected to wiring 13 through the plug 15 in the through hole 
formed in the interlayer insulation film 14. And it is formed so that a passivation membrane 17 may 
cover the sensor electrode 16 on an interlayer insulation film 14. In addition, although not illustrated, the 
signal generating circuit 20 and the signal amplifying circuit 30 in drawing 2 are connected to wiring 13. 
[0018] In such a configuration, if the finger 3 for fingerprint detection is pushed on the sensor array 2 
and a passivation membrane 17 is contacted, on the sensor electrode 16, the skin of the finger 3 with 
which the passivation membrane 17 was touched will function as an electrode, and electrostatic 
capacity will be formed between the sensor electrodes 16. The fingerprint of a fingertip is formed of the 
irregularity of the skin. For this reason, when a finger 3 is contacted to a passivation membrane 17, the 
distance of the skin as an electrode and the sensor electrode 16 will differ by the crevice and heights 
which form the fingerprint. And the difference in this distance appears as a difference in capacity. 
[0019] In each sense unit 1, the signal according to the capacity of a sensing element 10 is outputted 
from signal generation equipment 20. After level magnification is carried out in the signal amplifying 
circuit 30, this signal is changed into a desired signal in an output circuit 40, and is outputted from each 
sense unit 1. The signal outputted from each sense unit 1 is a signal reflecting the irregularity of a 
fingerprint. Therefore, a fingerprint pattern is detectable based on these signals. 

[0020] The sensor circuit for surface type-like recognition shown in drawing 1 may be carried on the LSI 
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chip on which the recognition processing section which carries out comparison collating of the storage j 
section in which the fingerprint data for collating were stored, and the fingerprint data currently 
prepared for the storage section and the fingerprint detected by the sensor circuit for surface type-like 
recognition was accumulated. Thus, with constituting on one LSI chip, the alteration of the information 
at the time of data transfer etc. can become difficult, and can raise the security-protection engine 
performance. 

[0021] Next, it explains in more detail about the sense unit 1 shown in drawing 2 . Drawing 4 is the 
circuit diagram of this sense unit 1 . In drawing 4 , Cf is electrostatic capacity formed between the 
sensor electrode 16 in drawing 3 , and the skin of a finger 3. The sensor electrode 16 which forms 
capacity Cf is connected to the drain terminal of NchMOS transistor Q3a, and the source terminal of 
this transistor Q3a is connected to the input side of current source 21a of Current I. Moreover, the 
source terminal of NchMOS transistor (1st component) Q2a is connected to joint N1a of the sensor 
electrode 16 and transistor Q3a. The drain terminal of PchMOS transistor (1st switching means) Q1a by 
which supply voltage VDD was impressed to the source terminal, and the gate terminal of NchMOS 
transistor Q4a by which supply voltage VDD was impressed to the drain terminal, and the source 
terminal was connected to touch-down through Resistance Ra are connected to the drain terminal of 
this transistor Q2a. The inverter gate 41 is connected to the source terminal of this transistor Q4a. 
[0022] each — Signals PRE (bar) and RE are impressed to the gate terminal of transistor Q1a and Q3a, 
respectively. Moreover, bias voltage VG is impressed to the gate terminal of transistor Q2a from the 
source of a constant voltage. Here, if transistor Q2a sets to Vth the threshold electrical potential 
difference between the gate-sources which will be in non-switch-on, electrical potential differences 
VDD and VG will be set up so that it may become VDD>VG-Vth. Moreover, joint N1a and N2a have 
parasitic capacitance Cp1a and Cp2a, respectively. 

[0023] A sensing element 10 is constituted by capacity Cf, a signal generating circuit 20 is constituted 
by current source 21a and transistor Q3a, the signal amplifying circuit 30 is constituted by transistor 
Q1a and Q2a, and an output circuit 40 is constituted by transistor Q4a, and Resistance Ra and the 
inverter gate 41. The sensor circuit for surface type-like recognition shown in drawing 4 is the point that 
transistor Q2a is added between joint N1a and N2a, and differs from the conventional sensor circuit for 
surface type-like recognition shown in drawing 22 . 

[0024] potential change of the signal RE with which drawing 5 is a timing chart for explaining the 
actuation of the sense unit 1 shown in drawing 4 , drawing 5 (a) shows potential change of the signal 
PRE (bar) which controls transistor Q1a, and drawing 5 (b) controls transistor Q3a — being shown — 
drawing 5 (c) — joint N1a and N2a — each potential change is shown. At first, the signal PRE (bar) of 
High level (VDD) is given to the gate terminal of transistor Q1a, and the signal RE of Low level (GND) is 
given to the gate terminal of transistor Q3a. Therefore, neither transistor Q1a nor Q3a has flowed at 
this time. 

[0025] If Signal PRE (bar) changes from High level to Low level in this condition, transistor Q1a will be in 
switch-on. At this time, transistor Q3a is still non-switch-on, and since a signal generating circuit 20 is 
in a idle state, the potential of joint N2a is precharged at VDD. Moreover, joint N1a is charged until the 
electrical potential difference between the gate-sources of transistor Q2a will reach the threshold 
electrical potential difference Vth and transistor Q2a will be in non-switch-on. Thereby, the potential of 
joint N1a is precharged at VG-Vth. 

[0026] If Signal PRE (bar) changes to High level after precharge is completed, transistor Q1a will be in 
non-switch-on. If Signal RE changes to this and coincidence at High level, transistor Q3a will be in 
switch-on, and a signal generating circuit 20 will change to operating state, and the charge charged by 
joint N1a by current source 21a should lengthen, and blunder — if the potential of joint N1a falls slightly, 
the electrical potential difference between the gate-sources of transistor Q2a will become larger than 
the threshold electrical potential difference Vth, and transistor Q2a will change to switch-on. The 
charge of joint N2a is also drawn out by this, and the potential fall of joint N2a begins. 
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" [0027] by the way, parasitic capacitance Cp2a — transistor Q1a and Q2a — the parasitic capacitance 
of each drain terminal and the parasitic capacitance of the gate terminal of transistor Q4a are main. 
About this parasitic capacitance Cp2a, it can be made quite small according to an actual layout 
compared with the parasitic capacitance Cp1 in the conventional sensor circuit for surface type-like 
recognition shown in drawing 22 . For this reason, if a potential fall begins by joint N2a as mentioned 
above, the potential of joint N2a will fall rapidly. And if the potential of joint N2a turns into the potential 
and this potential of joint N1a, the potential fall of the deutomerite point N2a will become loose. 
[0028] If the period which makes Signal RE High level is set to deltat, potential fall deltaV of joint N1a 
after deltat progress will become VDD-(VG-Vth)+Ideltat/(Cf+Cp1a). Here, parasitic capacitance Cp2a 
supposes that it is sufficiently small to parasitic capacitance Cp1a. Therefore, in the sensor circuit for 
surface type-like recognition shown in drawing 4 , only VDD- (VG-Vth) can enlarge magnitude of 
potential fall deltaV compared with the conventional sensor circuit for surface type-like recognition. 
Thereby, even if parasitic capacitance Cp1 of joint N1a a is large, potential fall deltaV becomes large. 
[0029] In an output circuit 40, the current which flows between the source-drains of transistor Q4a 
changes according to potential fall deltaV as an input signal. This current change is changed into 
electrical-potential-difference change by Resistance Ra. The inverter gate 41 changes a signal into a 
digital signal with a predetermined logic threshold. That is, if the input voltage of the inverter gate 41 is 
smaller than a threshold, the signal meaning the crevice having contacted the sense unit 1 will be 
outputted from the inverter gate 41. On the contrary, if the input voltage of the inverter gate 41 is larger 
than a threshold, the signal meaning heights having contacted the sense unit 1 will be outputted. 
[0030] The width of face to which potential fall deltaV of joint N2a can set the threshold of the inverter 
gate 41 if only VDD- (VG-Vth) becomes large spreads. Since a threshold can be set up by this so that 
the inverter gate 41 may not malfunction by the noise, the detection precision of the sensor circuit for 
surface type-like recognition can be raised. 

[0031] Furthermore, in the sense unit 1 shown in drawing 4 , the sense unit 1 is formed of the sensing 
element 10, the signal generating circuit 20, the signal amplifying circuit 30, and the output circuit 40. 
That is, since the signal generating circuit 20 and the signal amplifying circuit 30 are arranged near the 
corresponding sensing element 10, parasitic elements linked to a sensing element 10, such as parasitic 
capacitance Cp1a, become small. Moreover, since the output circuit 40 is arranged near the 
corresponding signal amplifying circuit 30, parasitic capacitance Cp2a between the signal amplifying 
circuit 30 and an output circuit 40 becomes small. Therefore, since the parasitic element which is 
formed in a manufacture process and contributes to signal attenuation can be controlled, the input 
signal (deltaV) of an output circuit 40 can be enlarged further. 

[0032] In addition, other components may be used instead of the inverter gate 41 if needed. For example, 
when outputting the analog signal according to quantity of electricity of a sensing element 10 from an 
output circuit 40, an analog amplifying circuit is applied. Moreover, an A/D converter is used when 
changing the signal according to quantity of electricity of a sensing element 10 into a digital multiple 
value. Moreover, the amount of signals can also be made to correspond to a time-axis by sampling data 
by the latch circuit controlled by the clock signal. Moreover, it has the sensor electrode of the pair by 
which opposite arrangement was carried out through the insulator layer, and when an up electrode 
displaces up and down according to the irregularity of a fingerprint, the capacity Cf from which a value 
changes may be used as a sensing element 10. 

[0033] Moreover, it can replace with the signal generating circuit 20 constituted using current source 
21a, and the 1st signal generating circuit 22 constituted using capacity Cs as shown in drawing 6 can 
also be used. In this signal generating circuit 22, one fixed-end child of a switch SW1 is connected to a 
sensing element 10, the fixed-end child of another side is connected to touch-down, and the movable- 
end child is connected to capacity Cs. In the signal generating circuit 22, a switch SW1 connects 
capacity Cs to touch-down at the time of the flow of transistor Q1a in drawing 4 , and the charge of 
capacity Cs is discharged in advance. And a switch SW1 can connect capacity Cs to a sensing element 
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10 at the time of un-flowing [ of transistor Q1a ], and the signal according to quantity of electricity of a 
sensing element 10 can be generated by making a fixed charge charge in capacity Cs. 
[0034] (Gestalt of the 2nd operation) Drawing 7 is the block diagram showing the configuration of the 
2nd of the sense unit 1 of the gestalt of operation of the sensor circuit for surface type-like recognition 
by this invention. In drawing 7 , the same part as drawing 2 is shown with the same sign, and omits the 
explanation suitably. The signal amplifying circuit 31 includes a means to change amplification degree 
based on the size of the level of a signal, and the level of a reference signal by the signal generating 
circuit 20, and the sense unit 1 shown in drawing 7 differs from the sense unit 1 shown in drawing 2 with 
this point while being equipped with the reference signal generating circuit 50 which generates a 
reference signal. 

[0035] Drawing 8 is the circuit diagram of the sense unit 1 shown in drawing 7 . In drawing 8 , the same 
part as drawing 4 is shown with the same sign, and omits the explanation suitably. The sense unit 1 
shown in drawing 8 adds the criteria component 51, the 2nd signal generating circuit 52, NchMOS 
transistor (2nd component) Q2b, and PchMOS transistor Q1b to the sense unit 1 shown in drawing 4 , 
and is formed in it. The criteria component 51 is a component which simulates a sensing element 10. 
Since a sensing element 10 is constituted by capacity Cf in the case of the sense unit 1 shown in 
drawing 8 , the criteria component 51 consists of capacity Cr. 

[0036] Capacity Cr is used as a threshold which distinguishes whether the heights of a fingerprint 
touched the sense unit 1, or the crevice touched. The value of this capacity Cr is set as the value 
between the capacity Cf formed when the heights of a fingerprint touch, and the capacity Cf formed 
when a crevice touches. In addition, even if the value of capacity Cr is set as the value of the capacity 
Cf formed when the crevice of a fingerprint touches, it functions effectively as the above-mentioned 
threshold. Capacity Cr is formed of the component or semiconductor device formed using wiring. It can 
follow, for example, the capacity by which the insulator layer was inserted and formed between wiring 
like MIM (metal-insulator-metal) capacity and PIP (polysilicon-insulator-polysilicon) capacity, and MOS 
capacity can realize capacity Cr. 

[0037] A signal generating circuit 52 generates the reference signal corresponding to capacity Cr, and is 
carrying out the same circuitry as a signal generating circuit 20. That is, the signal generating circuit 52 
is constituted by current source 21b and NchMOS transistor Q3b, and these have the same property as 
current source 21a which constitutes a signal generating circuit 20, and NchMOS transistor Q3a, 
respectively. The reference signal generating circuit 50 is constituted by the above-mentioned criteria 
component 51 and the signal generating circuit 52. Therefore, the reference signal which this reference 
signal generating circuit 50 generates turns into a signal generated from a signal generating circuit 20, 
and a signal of the same level, when it has the capacity to which the sensing element 10 was set as the 
above-mentioned threshold. 

[0038] The source terminal of NchMOS transistor Q2b is connected to joint N1b of the criteria 
component 51 and a signal generating circuit 52. The drain terminal of PchMOS transistor Q1b with 
which supply voltage VDD was impressed to the source terminal is connected to the drain terminal of 
this transistor Q2b. Although the gate terminal of transistor Q2a was connected to the source of a 
constant voltage in the sense unit 1 shown in drawing 4 , the gate terminal of transistor Q2a is 
connected to the drain terminal of transistor Q2b in the sense unit 1 shown in drawing 8 . Moreover, the 
gate terminal of transistor Q2b is connected to the drain terminal of transistor Q2a. In addition, 
transistor Q1b and Q2b have the respectively same property as transistor Q1a and Q2a. 
[0039] each — Signals PRE (bar) and RE are impressed to the gate terminal of transistor Q1b and Q3b, 
respectively. Moreover, joint N1b and N2b have parasitic capacitance Cp1b and Cp2b, respectively. The 
2nd switching means is constituted by transistor Q1a and Q1b, and the signal amplifying circuit 31 is 
constituted by this 2nd switching means, and transistor Q2a and Q2b. 

[0040] Drawing 9 is a timing chart for explaining the actuation of the sense unit 1 shown in drawing 8 , 
drawing 8 (a) shows potential change of the signal PRE (bar) which controls transistor Q1a and Q1b, 
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drawing 8 (b) shows potential change of the signal RE which controls transistor Q3a and Q3b, and 
drawing 8 (c) shows potential change of joint N2a. At first, the signal PRE (bar) of High level (VDD) is 
given to the gate terminal of transistor Q1a and Q1b, and the signal RE of Low level (GND) is given to 
the gate terminal of transistor Q3a and Q3b. Therefore, it has flowed through neither transistor Q1a nor 
Q1b nor Q3a nor Q3b at this time. 

[0041] If Signal PRE (bar) changes from High level to Low level in this condition, transistor Q1a and Q1b 
will be in switch-on. At this time, transistor Q3a and Q3b are still non-switch-on, and since signal 
generating circuits 20 and 52 are in a idle state, the potential of joint N2a and N2b is precharged at VDD. 
Moreover, joint N1a and Q1b are charged until the electrical potential difference between the gate- 
sources of transistor Q2a and Q2b will reach the threshold electrical potential difference Vth and 
transistor Q2a and Q2b will be in non-switch-on. Since the electrical potential difference VDD is 
impressed to the gate terminal of transistor Q2a and Q2b at this time, the potential of joint N1a and N1b 
is precharged at VDD-Vth. 

[0042] If Signal PRE (bar) changes to High level after precharge is completed, transistor Q1a and Q1b 
will be in non-switch-on. If Signal RE changes to this and coincidence at High level, transistor Q3a and 
Q3b will be in switch-on, and signal generating circuits 20 and 52 will change to operating state, and the 
charge charged by joint N1a and N1b according to current sources 21a and 21b should lengthen, and 
blunder — if the potential of joint N1a and N1b falls slightly, the electrical potential difference between 
the gate-sources of transistor Q2a and Q2b will become larger than the threshold electrical potential 
difference Vth, and transistor Q2a and Q2b will change to switch-on. The charge of joint N2a and N2b is 
also drawn out by this, and the potential fall of joint N2a and N2b begins. 

[0043] Here, in the case of the capacity Cf> capacity Cr, the direction of the potential of joint N1b 
becomes lower than the potential of N1a. Since flow resistance of transistor Q2b becomes smaller than 
flow resistance of transistor Q2a by this, the potential of joint N2b falls earlier than joint N2a. Since the 
potential fall of this joint N2b is inputted into the gate terminal of NchMOS transistor Q2a, flow 
resistance of transistor Q2a becomes large. For this reason, potential fall deltaV of joint N2a is stopped 
small. 

[0044] On the other hand, since the potential of this joint N2a is inputted into the gate terminal of 
NchMOS transistor Q2b, change of flow resistance of transistor Q2b is small. Consequently, since the 
potential of joint N2b falls further, flow resistance of transistor Q2a becomes still larger. Thus, by 
carrying out cross connection of transistor Q2a and the Q2b, these actuation is puffed up and potential 
fall deltaV of N2a is small stopped as a result. 

[0045] On the contrary, as for the case of the capacity Cf< capacity Cr, potential change of each joint 
N2a and N2b becomes opposite. That is, the potential of joint N2b seldom changes from the precharged 
original potential VDD. For this reason, the potential of joint N2a falls greatly like the case of the sense 
unit 1 shown in drawing 4 . Therefore, the amplification degree of the signal amplifying circuit 31 can be 
changed bordering on this value by setting up, as the value of capacity Cr was mentioned above. Since a 
signal with large level (deltaV) is inputted into an output circuit 40 by this when the heights of a 
fingerprint touch, and a signal with small level (delta V) is inputted when the crevice of a fingerprint 
touches, an output circuit 40 can judge the irregularity of a fingerprint clearly. 

[0046] Furthermore, since the sense unit 1 shown in drawing 8 can offset the potential fall by a charge 
being drawn out by the leakage current of joint N2a by potential change by the leakage current of joint 
N2b, it also has the effectiveness of preventing malfunction by leakage current. In addition, in the sense 
unit 1 shown in drawing 8 , although the output circuit 40 is connected to joint N2a, this output circuit 
40 may be connected to joint N2b. In this case, the polarity of the output of an output circuit 40 is only 
reversed, and the same effectiveness as the case where the output circuit 40 is connected to joint N2a 
is acquired. 

[0047] (Gestalt of the 3rd operation) Drawing 10 is the circuit diagram of the sense unit 1 of the gestalt 
of operation of the 3rd of the sensor circuit for surface type-like recognition by this invention. In 
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drawing 10 , the same part as drawing 8 is shown with the same sign, and omits the explanation suitably. 
The sense unit 1 shown in drawing 10 is a point using the output circuit 42 where joint N2a and potential 
fall deltaV in N2b are inputted instead of an output circuit 40 as a complementary signal, and differs 
from the sense unit 1 shown in drawing 8 . 

[0048] An output circuit 42 is realizable by using the voltage amplification circuit of a differential form. 
The output circuit 42 in drawing 10 is constituted by NchMOS transistor Q4b and Resistance Rb which 
have the same property as NchMOS transistor Q4a, and Resistance Ra and these, and the PchMOS 
transistors Q4 and Q5 and the NchMOS transistors Q7 and Q8 which constitute a current mirror form 
amplifying circuit. The actuation of the sense unit 1 shown in drawing 10 is the same as the sense unit 1 
fundamentally shown in drawing 8 . However, the noise margin to a source effect etc. can be enlarged by 
inputting a complementary signal into an output circuit 42. 

[0049] (Gestalt of the 4th operation) Drawing 1 1 is the circuit diagram of the sense unit 1 of the gestalt 
of operation of the 4th of the sensor circuit for surface type-like recognition by this invention. In 
drawing 1 1 , the same part as drawing 8 is shown with the same sign, and omits the explanation suitably. 
The sense unit 1 shown in drawing 1 1 is replaced with the signal amplifying circuit 31, is a point using 
the signal amplifying circuit 32 equipped with the 3rd switching means connected between each joint 
N2a and N2b, and differs from the sense unit 1 shown in drawing 8 . A source terminal and a drain 
terminal are connected between each joint N2a and N2b, and the 3rd switching means is constituted by 
the PchMOS transistor Q9 with which Signal PRE (bar) is impressed to a gate terminal. 
[0050] If dispersion in a property is in transistor Q1a and Q1b in the case of the sense unit 1 shown in 
drawing 8 , in case joint N2a and N2b will be precharged to the power-source potential VDD, the 
potential difference may occur between joint N2a and N2b. If neither joint N2a nor N2b is precharged at 
this potential, the fall of potential rate of joint N2a and each N2b will change. 
[0051] The actuation of the sense unit 1 shown in drawing 1 1 is the same as the sense unit 1 
fundamentally shown in drawing 8 . However, in the case of the sense unit 1 shown in drawing 1 1 Joint 
N2a and N2b can be precharged to this potential by short-circuiting between joint N2a and N2b with a 
transistor Q9 at the time of a halt of signal generating circuits 20 and 52. Moreover, at the time of signal 
detection, i.e., actuation of signal generating circuits 20 and 52, a transistor Q9 opens between joint N2a 
and N2b. Thereby, since change of the fall of potential rate of joint N2a and each N2b can be 
suppressed, the fall of surface type-like detection precision can be prevented. 

[0052] In addition, in the sense unit 1 shown in drawing 1 1 , although the output circuit 40 is connected 
to joint N2a, this output circuit 40 may be connected to joint N2b. In this case, the polarity of the output 
of an output circuit 40 is only reversed, and the same effectiveness as the case where the output 
circuit 40 is connected to joint N2a is acquired. 

[0053] (Gestalt of the 5th operation) Drawing 12 is the circuit diagram of the sense unit 1 of the gestalt 
of operation of the 5th of the sensor circuit for surface type-like recognition by this invention. In 
drawing 12 , the same part as drawing 10 R> 0 and drawing 1 1 is shown with the same sign, and omits 
the explanation suitably. To the sense unit 1 shown in drawing 10 , the sense unit 1 shown in drawing 12 
is replaced with the signal amplifying circuit 31, and the signal amplifying circuit 32 in drawing 1 1 is used 
for it. 

[0054] In case the sense unit 1 shown in drawing 12 precharges joint N2a and N2b to the power-source 
potential VDD, it can abolish the potential difference between transistor Q1a and each joint N2a by 
dispersion in the property of Q1b, and N2b. For this reason, compared with the sense unit 1 shown in 
drawing 10 , the fall of the detection precision by that offset voltage arises to the complementary input 
of a differential form amplifying circuit according to this potential difference or the fall of potential rate 
of joint N2a and each N2b changing can be prevented. 

[0055] (Gestalt of the 6th operation) Drawing 13 is the circuit diagram of the sense unit 1 of the gestalt 
of operation of the 6th of the sensor circuit for surface type-like recognition by this invention. In 
drawing 13 , the same part as drawing 4 is shown with the same sign, and omits the explanation suitably. 
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The sense unit 1 shown in drawing 13 is constituted using transistor Q1c, Q2c, Q3c, and Q4c with a 
different polarity from transistor Q1 a-Q4a in drawing 4 . In drawing 13 , a NchMOS transistor and Q2 c- 
Q4c of Q1c are PchMOS transistors. Moreover, the signals PRE and RE (bar) which the polarity of 
Signals PRE (bar) and RE reversed are impressed to transistor Q1c and Q3c, respectively. Moreover, 
supply voltage VDD is impressed to the input side of current source 21a, and the source terminal of 
transistor Q1c is connected to touch-down. N1c and N2c are parasitic capacitance. 
[0056] Drawing 14 is a timing chart for explaining the actuation of the sense unit 1 shown in drawing 13 . 
The effectiveness as the sense unit 1 shown in drawing 4 by the polarity of a signal being reversed and 
the direction of change of a signal (delta V) only having reverse sense that actuation of this sense unit 1 
is the same as the sense unit 1 shown in drawing 4 , and it is the same is acquired. In addition, potential 
rise deltaV of joint N2c after deltat progress becomes VG+Vth+Ideltat/(Cf+Cp1c). In addition, the same 
effectiveness can be acquired using the transistor which has transistor Q1 b-Q4b and a different 
polarity from Q9 similarly also about the sense unit 1 shown in each of drawing 8 , drawing 10 R> 0 - 
drawing 12 . 

[0057] (Gestalt of the 7th operation) Drawing 15 is the block diagram showing the configuration of the 
7th of the gestalt of operation of the sensor circuit for surface type-like recognition by this invention. In 
drawing 15 , the same part as drawing 2 is shown with the same sign, and omits the explanation suitably. 
In the sensor circuit for surface type-like recognition shown in drawing 2 , a signal generating circuit 20, 
the signal amplifying circuit 30, and an output circuit 40 are formed every sensing element 10, these are 
made into 1 set of sense units 1, two-dimensional array of two or more sense units 1 is carried out, and 
the sensor array 2 is formed. In this case, since detection actuation can be processed to juxtaposition, 
detection processing is accelerable. 

[0058] On the other hand, at least one of a signal generating circuit 20, the signal amplifying circuit 30, 
and output circuits 40 can also be shared by two or more sensing elements 10. In sharing a signal 
generating circuit 20, as shown in drawing 15 (a), it connects one signal generating circuit 20 to two or 
more sensing elements 10 alternatively with a switch SW2. Moreover, in sharing the signal amplifying 
circuit 30, as shown in drawing 15 (b), it connects one signal amplifying circuit 30 alternatively with 
switches SW3 and SW4 between two or more signal generating circuits 20 and an output circuit 40. At 
this time, each switches SW3 and SW4 interlock and operate. Moreover, in sharing an output circuit 40, 
as shown in drawing 15 (c), it connects one output circuit 40 to two or more signal amplifying circuits 30 
alternatively with a switch SW5. 

[0059] Thus, reduction of a circuit scale or operating power can be aimed at by sharing at least one of a 
signal generating circuit 20, the signal amplifying circuit 30, and output circuits 40 by two or more 
sensing elements 10. In addition, if a signal generating circuit 20, the signal amplifying circuit 30, and an 
output circuit 40 are shared by two or more sensing elements 10 by which contiguity arrangement was 
carried out, the effect by the parasitic element formed in process of manufacture is small. Moreover, the 
sense unit 1 shown in each of drawing 8 , drawing 10 - drawing 12 can also share at least one of a signal 
generating circuit 20, the signal amplifying circuits 31 and 32, and output circuits 40 and 42 by two or 
more sensing elements 10. 

[0060] (Gestalt of the 8th operation) Drawing 16 is the block diagram showing the configuration of the 
8th of the gestalt of operation of the sensor circuit for surface type-like recognition by this invention. In 
drawing 16 , the same part as drawing 7 is shown with the same sign, and omits the explanation suitably. 
The reference signal generating circuit 50 in drawing 7 can also be shared by two or more signal 
amplifying circuits 31. In this case, as shown in drawing 1616 , one signal amplifying circuit 31 is 
alternatively connected to two or more signal amplifying circuits 31 with switches SW6 and SW7. 
Thereby, reduction of a circuit scale or operating power can be aimed at. Moreover, the sense unit 1 
shown in each of drawing 10 - drawing 12 can also share the reference signal generating circuit 50 in 
two or more signal amplifying circuits 31 and 32. 

[0061] (Gestalt of the 9th operation) Drawing 17 is the block diagram showing the configuration of the 
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9th of the sense unit 1 of the gestalt of operation of the sensor circuit for surface type-like recognition 
by this invention. In drawing 1 7 , the same part as drawing 4 is shown with the same sign, and omits the 
explanation suitably. Although the sensing element 10 which consists of electrostatic capacity Cf formed 
between the sensor electrode 16 and the skin of a finger 3 was used, it can replace with this and the 
sense unit 1 can consist of sense units 1 shown in drawing 4 using the sensing element 18 which 
consists of a variable resistive element VR with elasticity. 

[0062] In this case, as shown in drawing 17 (a), series connection of the 1st signal generating circuit 22, 
sensing element 18, signal amplifying circuit 30, and output circuit 40 is carried out to this order, and the 
sense unit 1 is constituted. Here, a signal generating circuit 22 is the signal generating circuit 22 
constituted by the capacity Cs in drawing 6 . Moreover, the signal amplifying circuit 30 is the signal 
amplifying circuit 30 of the charge transfer form in drawing 4 . A variable resistive element VR is a 
component from which resistance changes according to deformation when candidates for recognition, 
such as a finger 3, contact. According to the resistance value change of this variable resistive element 
VR, the rate at which the precharged charge is drawn out by capacity Cs changes. By regarding this 
change as a voltage signal, the irregularity of a fingerprint is detectable. Other actuation is the same as 
that of the sense unit 1 fundamentally shown in drawing 4 . 

[0063] In addition, as shown in drawing 1 7 (b), it may replace with a signal generating circuit 22, and the 
1st signal generating circuit 23 constituted by the voltage source 24 and the switch SW8 may be used. 
The switch SW8 is connected between the variable resistive element VR and the voltage source 24. 
However, the electrical potential difference V of a voltage source 24 is set as the any value from 
forward to negative so that a current may flow in the direction of a signal generating circuit 23 from the 
signal amplifying circuit 30. 

[0064] Drawing 18 is the block diagram showing other configurations of the sense unit 1 shown in 
drawing 1 7 . As shown in drawing 18 (a), the switching device SW formed using a micro machine 
technique as a sensing element 19 can also be used. In this case, series connection of a signal 
generating circuit 23, a sensing element 19, the signal amplifying circuit 30, and the output circuit 40 is 
carried out to this order, and the sense unit 1 is constituted. 

[0065] A switching device SW opens and closes a circuit based on contact for [, such as a finger 3, ] 
recognition. That is, if a switching device SW is pushed by the heights of a fingerprint, since between a 
signal generating circuit 23 and the signal amplifying circuits 30 will be connected, the precharged 
charge is drawn out by the voltage source 24. Thereby, the potential of the input side of an output 
circuit 40 falls. On the contrary, even if a switching device SW is pushed by the crevice of a fingerprint, 
since it is wide opened between a signal generating circuit 23 and the signal amplifying circuit 30, the 
potential of the input side of an output circuit 40 does not fall. Based on this potential fall, the 
irregularity of a fingerprint is detectable. Other actuation is the same as that of the sense unit 1 
fundamentally shown in drawing 4 . moreover, the signal generating circuit 22 containing the signal 
generating circuit 20 which replaces with a signal generating circuit 23 and contains current source 21a 
as shown in drawing 18 (b) and (c), or capacity Cs — also using — it is good. 

[0066] In addition, the sensing elements 18 and 19 in drawing 17 and drawing 1 8 are also applicable to 
the sense unit 1 shown in each of drawing 8 , drawing 10 - drawing 13 with the corresponding signal 
generating circuits 20, 22, and 23. However, in the case of the sense unit 1 shown in drawing 13 R> 3, it 
is necessary to set up signal generating circuits 20, 22, and 23 so that a current may flow in the 
direction of the signal amplifying circuit 30 from signal generating circuits 20, 22, and 23. 
[0067] (Gestalt of the 10th operation) Drawing 1 9 is the circuit diagram showing other examples of 
implementation of the signal amplifying circuit 30 in drawing 2 . The signal amplifying circuit 30 is 
realizable using the inversed amplifier 33 which amplifies a voltage signal, as shown in drawing 19 (a). G 
is voltage amplification. Moreover, the signal amplifying circuit 30 is also realizable using current Miller 
circuit 34 which amplifies a current signal, as shown in drawing 19 (b). n is current amplification. 
Although drawing 19 (b) showed current Miller circuit 34 which carries out current amplification using 
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gatd width W of the PchMOS transistors Q1 0 and Q1 1 , it does not limit to this. Moreover, the signal 
amplifying circuit 31 of the differential mold in drawing 7 is also realizable using current Miller circuit. In 
addition, the sensor circuit for surface type-like recognition by this invention is applied to recognition of 
the shape of surface type which has detailed irregularity, such as a muzzle pattern of not only human 
being's fingerprint but an animal. 
[0068] 

[Effect of the Invention] As explained above, after amplifying the level of the signal according to quantity 
of electricity of a detection means with a magnification means in this invention, attenuation of the input 
signal of an output means can be controlled by supplying an output means. Thereby, since the effect of 
the noise margin, manufacture dispersion, etc. can be controlled, surface type-like detection precision 
can be raised. Therefore, if the sensor circuit for surface type-like recognition by this invention is 
applied to the fingerprint sensor using an LSI manufacturing technology, since the minute signal change 
reflecting the irregularity of a fingerprint is detectable, there is effectiveness which can carry out 
[ highly precise ]-izing of the recognition of the concavo-convex pattern of a fingerprint. In order to 
high-resolution-ize the concavo-convex pattern of a fingerprint especially, it is effectiveness size when 
it miniaturizes the detection means which carried out two-dimensional array. 

[0069] Moreover, in invention according to claim 2, parasitic elements, such as parasitic capacitance 
connected to a sensing element, can be made small by carrying out contiguity arrangement of a 
detection means, the 1st signal generation means, and the magnification means mutually. That is, since 
formation of the parasitic element which contributes to signal attenuation can be controlled, surface 
type-like detection precision can be raised. Moreover, in invention according to claim 3, an effect of the 
invention according to claim 2 can be heightened by carrying out contiguity arrangement of the output 
means further at a magnification means. 

[0070] Moreover, in invention according to claim 4 to 6, reduction of a circuit scale and operating power 
can be aimed at by sharing the 1st signal generation means, magnification means, or output means with 
two or more detection means, respectively. Moreover, in invention according to claim 7, since detection 
actuation can be processed to juxtaposition by establishing the 1st signal generation means, 
magnification means, and output means for every detection means, detection processing is accelerable. 
Moreover, in invention according to claim 8, even if the parasitic capacitance connected to the 
detection means by connecting the 1st component between a detection means and an output means, 
and using the threshold electrical potential difference of this 1st component is large, level of the signal 
according to quantity of electricity of a detection means can be enlarged. Thereby, the same 
effectiveness as invention according to claim 1 is acquired. 

[0071] Moreover, in invention according to claim 9, a reference signal generating means is established 
and the amplification degree of a magnification means is changed based on the size of the signal level of 
a signal and each reference signal according to quantity of electricity of a detection means. For example, 
like invention according to claim 10, when the former is smaller than the latter, amplification degree is 
made small, and when the former is larger than the latter, amplification degree is enlarged. Thereby, the 
size of the level of a signal according to quantity of electricity of a detection means can be puffed up. 
For example, by the fingerprint sensor, the minute signal reflecting the irregularity of a fingerprint 
becomes a candidate for detection. However, according to this invention, since distinction of a surface 
type-like crevice and heights becomes clear, surface type-like detection precision can be raised. 
[0072] Moreover, invention according to claim 9 is realizable by carrying out cross connection of the 1st 
and 2nd components, and constituting a magnification means from invention according to claim 14. 
Moreover, since the signal change by leakage current can be offset, there is also an advantage that 
malfunction by leakage current can be prevented. Moreover, in invention according to claim 1 5, the noise 
margin to a source effect etc. can be enlarged by using the output means of a differential form. 
Moreover, in invention according to claim 16, the fall of the detection precision of the shape of surface 
type based on dispersion in the property of the component which constitutes the 2nd switching means 
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can be controlled by using the 3rd switching means which **** between the output terminals of another 
side of each 1st and 2nd components. 

[0073] Moreover, in invention according to claim 17, since parasitic elements, such as parasitic 
capacitance, can be made small by carrying out contiguity arrangement of the reference signal 
generating means at a magnification means, surface type-like detection precision can be raised. 
Moreover, in invention according to claim 18, reduction of a circuit scale and operating power can be 
aimed at by sharing a reference signal generating means with two or more magnification means. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view showing the whole gestalt of operation of the 1st of the sensor 
circuit for surface type-like recognition by this invention. 

[Drawing 2] It is the block diagram showing the configuration of a sense unit shown in drawing 1 . 
[Drawing 3] It is the sectional view showing the configuration of the sensing element shown in drawing 2 . 
[Drawing 4] It is the circuit diagram of a sense unit shown in drawing 2 . 

[Drawing 5] It is a timing chart for explaining the actuation of a sense unit shown in drawing 4 . 
[Drawing 6] It is the circuit diagram showing other configurations of a sense unit shown in drawing 2 . 
[Drawing 7] It is the block diagram showing the configuration of the 2nd of the sense unit of the gestalt 
of operation of the sensor circuit for surface type-like recognition by this invention. 
[Drawing 8] It is the circuit diagram of a sense unit shown in drawing 7 . 

[Drawing 9] It is a timing chart for explaining the actuation of a sense unit shown in drawing 8 . 
[Drawing 10] It is the circuit diagram of the sense unit of the gestalt of operation of the 3rd of the 
sensor circuit for surface type-like recognition by this invention. 

[Drawing 1 1] It is the circuit diagram of the sense unit of the gestalt of operation of the 4th of the 
sensor circuit for surface type-like recognition by this invention. 

[Drawing 12] It is the circuit diagram of the sense unit of the gestalt of operation of the 5th of the 
sensor circuit for surface type-like recognition by this invention. 

[Drawing 1 3] It is the circuit diagram of the sense unit of the gestalt of operation of the 6th of the 
sensor circuit for surface type-like recognition by this invention. 

[Drawing 14] It is a timing chart for explaining the actuation of a sense unit shown in drawing 13 . 
[Drawing 1 5] It is the block diagram showing the configuration of the 7th of the gestalt of operation of 
the sensor circuit for surface type-like recognition by this invention. 

[Drawing 16] It is the block diagram showing the configuration of the 8th of the gestalt of operation of 
the sensor circuit for surface type-like recognition by this invention. 

[Drawing 1 7] It is the block diagram showing the configuration of the 9th of the sense unit of the gestalt 
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of operation of the sensor circuit for surface type-like recognition by this invention. 
[Drawing 18] It is the block diagram showing other configurations of a sense unit shown in drawing 1 7 . 
[Drawing 1 9] It is the circuit diagram showing other examples of implementation of the signal amplifying 
circuit in drawing 2 . 

[Drawing 20] It is the block diagram showing the configuration of one unit of the conventional sensor 
circuit for surface type-like recognition. 

[Drawing 21] It is the plot plan of the sensor circuit for surface type-like recognition shown in drawing 
20. 

[Drawing 22] It is the circuit diagram of the sensor circuit for surface type-like recognition shown in 
drawing 20 . 

[Drawing 23] It is a timing chart for explaining actuation of the sensor circuit for surface type-like 
recognition shown in drawing 22 . 
[Description of Notations] 

1 [ — Sensing element, ] — A sense unit, 2 — A sensor array, 3 — A finger, 10, 18, 19 1 1 [ — Plug, ] - 

- 12 A semi-conductor substrate, 14 — An insulator layer, 13 — Wiring, 15 16 — A sensor electrode, 
17 — A passivation membrane, 20, 22, 23, 52 — Signal generating circuit, 21a [ — Voltage amplifier, ] - 

- A current source, 24 — A voltage source, 30-32 — A signal amplifying circuit, 33 34 — 40 Current 
Miller circuit, 42 — An output circuit, 41 — Inverter gate, 50 — A reference signal generating circuit, 51 

- A criteria component, Cf, Cr and Cs, — capacity, Cp1a, Cp2a, Cp1b, Cp2b, Cp1c, Cp2c — Parasitic 
capacitance, N1a, N2a, N1b, N2b, N1c, N2c — A joint, PRE, RE — Signal, Ra, Rb [ — A switch, VDD VG 
/ — An electrical potential difference, VR / — A variable resistive element, Vth / — A threshold 
electrical potential difference, deltat / — A period, deltaV / — Potential fall. ] — Resistance, Q1 a-Q4a, 
Q1 b-Q4b, Q1 c-Q4c, Q5-Q1 1 — An MOS transistor, SW — A switching device, SW1-SW9 



[Translation done.] 



-18- 



(19)B*B4#ffrf (JP) (12) H j£p |f ^ (A) (ll)fctffflH&ii#^ 

#^2000-28311 
(P2000 -28311A) 

(43)&W B ¥jftl2*E 1 28 B (2000. 1. 28) 

(51) IntCl.' &3>JIB# FI r-va-h* (##) 

G 0 1 B 7/28 G 0 1 B 7/28 A 2 F 0 6 3 

G 0 6 T 1/00 G 0 6 F 15/64 G 5 B 0 4 7 



SSEWjR M W*Jg©SS[22 OL (^20H) 



(21)WB»^ 


^R¥10- 193455 


(71) a® A 


000004226 










(22)WKB 


¥jjfcl0*F7/i 8 3(1998.7.8) 




JfcgCt&=PftlHK*#»r=T@ 3 # 1 # 






(72)fS«# 


a*r 








«SS«T^KiS«T^=TB19#2^ B# 














(72)fB9Mr 










3lO^Sfr^Ki5Sfl&=TB19#2# B# 














(74)ft3A 


100064621 








#a± oj;ii soar 











(54) GSM©***] «iBJ^RKSSffi-fe>U-lHli& 



(57) mm 




ft §92000-28311 (P2000-28311A) 



*ISS£¥R£, 

mess i ©flt^56**aK«fc*«^***UTm*'r* 
weai*^»oA*«»c»«*n*»owBjis i ©m^ss 

mehi i ©m^ait^RRtf i»Eiii«*R©*n-tn 
a. »jfrr*ME*m#R©iS«KB«sftT^*i:i 

me* i ©«*»B£*Ra. sv»ni£»-r*we*»o 
[«f*S5] B*ai-3i«rn!j>iffli:*uT, 

08S. 

[»#B6] W*«l~3Wn*»13BfC*^T. 

iMsaia^Rtt, s^Kifi»-ra«ne*R©«iB#Ric 

MEfg 1 ©«^?)!£^R. ME«MB#RStf lltrEm*^ 

*^#ME*ffl*RK*l**ftRB«l#©aia*^** 
IttEm^J^RJCttttSnWBA^lB^SmffiSUcSEtt 

£©sg i ©*T©ttB«#©u*Ji*fc**3nao» 

CIS 1 ©flHHB£*R©#jl:B»fcttEJB l ©^©f&E 

DaEu*^«©*6*ni«TJc*4J:5»cii(reffii*©m^ 

JH^WEEfcBUllUTiMBlt; 1 0«**^R©»fW 
lCRE*flE©W*H£fM:T*JB 1 ©X-f yffftttf 



(2) 

2 

[r#H9J **Bi-7«n*»mte*^T. 

WfiitMi^Rtt, «IEJBl©ffi*«^RKJ:*(i#© 

■fe>-9-HI8S. 
[If 1 0 ] R#g 9 I^UT, 
io MEfcH^RlcSSnsifflB^Rtt, mJEfg 1 ©fl^fS 

^R»r«fc *e#© u^;u3i«fl9B**ffi#© u^;w<fc o 

fc/hS ^*£fcmEitMH«*/h£ < LiWBSg 1 ©«^3£ 
±^Rt;: £ &ff ^© u^i^WES**!^© u^;u«t o 
t>*tr i»»^nii9B*«aE*** < rsfST**: t 

Mil] Hfa9X(J10l:*^T. 
BdE»*m^«, WB«m*R©BrJE«aat:»»i6LT 
ffiBSB 1 ©«#56^*R =k 0 »£T PI U 

20 &„ 

[»#^ 1 2 ] M$8! 1 1 fciJUT. 
ilflB*«IM8^B£#Rtt, 

iWEWs«a**fct5a**Rt. 

WB*qs^R©i»BmjE«g«Jc»j£: UfcMB*i|>ffi*J 
£S5£b*v3iMB»l©«^B£*R£HU*jS©8 2 

imxm 1 3 ] mxm 1 2 k*ht, 

8S. 

im^mi4] »*ai2xm3i:*nT, 

l»Eit4i#Rte, 

Hl©A^^t2<S©ffi^i^i:<£ ; frbA^WEA^ 
SS^ Xtf ffiE-#© Hi* WF-©«ffifS©»*t«*< b * ^ 
«©«**« J: 0 t^^fctttBftUl^ii^lH^iiii* 

S8£fc*S6 1 atf* 2 ©sis^t, 

DtBfg 1 ©sst^ti. iwE-^wffi^aiT^mBttm^R 

CflSttSn* (ktfe (cttBAftCTtfttBft 2 ©3SST © 

40 MEte#©ffl*sam;:««an. 

INB$ 2 ©*? «. WB-*©UJ*«^ JW»B*JP*R 
tcfi^ans ttfe KWEA^SB^^WESS 1 ©a^ © 

MB«j#©mawfKtt«an, 

ffiB$ 1 R«SB 2 ©jR^-tn-^nroWEtt*©^**^ 
Ktt«tSn*^lttB.|gl»^»2©e^5B^R©fltjt 

WrirwBJB 1 mm 2 ©sR^-tn-rnoiitrEA^JB^ a 

tfiMB-JfrOtBaaH 1 ©«{fc6©t6»R**MB L €T t>tt 
©«#R&Tfcfc**3KWEft«l#©ffla*^fc«a: 



43182000-28311 (P2000-2831 1 A) 



3 

A. 

tte$ i si;* 2 -tn-^noaaEffi^oia**?- 

[R&H 1 5 ] §f#JR 1 4 KlfcUT. 

Msem*^ an mesh i x^ss 2 ©ae^-tn-enoitt 

[»«516] ffi&gl 4X111 5 1C*VVT\ 

ttfe fctflBUS 1 RZfWi 2 ©f3^56^S 
©■MPI»lcWB*«!l5Er©ia*»?Bl*lllW*Jl3 0^ 

[m&h 1 7 ] m$tm 9~i6 firn*» 1 shc*^t. 

1 8 ] mum 9 ~ 1 7 (»snfr 1 9Hc*^t. 

[m$tmi9] ww9~i 7fBjn^iS(c*3^T, 
*fttea*m#f8^^a«. tac«i«*8k*KKtt&nT 

MEtttu^att. mmnm^mmiz^ osiaffi^fbT 

MESH 1 ©ft^5S£^a. fflE&liS^aRtf WEig^ 

oiBicE^J mm, s nx v» 5 c t £ t r 4 a® 

C»dc«2 2] It$£l ~2 ojsjn^iaicfe^t, 
MEtfttii^Rtt. v-f £OT~>>tt«K:J:9»fiK2n«» 

weh 1 (omnrntk^m* Mfi*ffi^»&tf tfrB*«* 
[0001] 



(3) 

4 

[0 0 0 2] 

fc. »«c©/i^->*«mi'r*a«tuT, Lsi»g 

ntt^tJA^ ' ISSCC DIGEST OF TE 
CHNICAL PAPERS' FEBRUARY 1 
9 9 8 pp. 2 8 4~2 8 5l:BtSnTt»4. $i 
&tiiM<D± >1H1 L S I 3 L y7±\Z2$:7i\Z&mZtl 

[0 0 0 3] 02 011 e©gi5ffl^fcf*©IIf 

ttiMMB-fe >-y-@ss©s*«fi£^*-r 7n y H-e* 
mm^mfrzuztiitiim? not. ^mm^ 1 1 o © 

120 t, mnm*k®& 1 2 0 ti5«£EOT*JE»l 
[0 0 0 4] B2UJ, «*©*ffi«M*B»«"t>lJ-|§l 

ss©@E«0-ea&s„ ^©s®^^ffl-fe>-y-[5i8&tt. 

±»if 1 1 0, «<MS£EI»1 2 O&WCffi^lplK 

ta*^ 1 1 0 &tf fi^58±lEl» 12041 b^t-i 
©-fe>7,3.- », HOI jJtiUSn, §-fe>7.3.- y h 
1 0 lteLS I ^■y7 p ±tC2^7CIE?iJSnT-t>-y-Tl/ 
30 >fl0 2S»*l/Tl>4. #Ui^[5IgSl 4 0 te-fe 

>t7W10 2©aai:EiSnT. ttj;>jg&10 4£ 

[0 0 0 5] tHJif 1 1 0©gf>*^*©fit«-fe>XJ- 

fcft. m&<Dweh\z£-Dxmtiim?i 1 o ©§§►*§*© 

bfcd*oT, SSt>f7W 1 0 2±tC 
ffTT-5t, #ir>xa->> h 1 0 lfrP>f§®L<DWib\z 

o 4T~m&<Dw&&fc&Lrcffiw.<Dm j %\zm® : 2n, m 

[0 0 0 6] H2 0fc*l,fcS®»ttRilfll 

•t »^«ct> uxs set* u < »wr 

02 211 £©«B#ttBSMl-te>-!i-|5|»©ll|j&H 
0 2 2tC*3UT, C fllt>Wr^ h 1 0 1 

n5^i§iTi&5. t>7iz y moi oti(J. 

NchMOS h7>yX^Q 3 £^LT, «SK I ©«MtM 
12 1®A**l:SHlSnT^4. «aihv> 

v*x^Q3 t©S5^Ni tii rn^mssi 4 0©A^»fliJ 

so tfJfiMBSnT^*. Sfe, S5^N 1 fcttPchMOS by 



*8P{|2000-28311 (P2000-28311A) 



5 

>yX^Ql^LT, WBWEVDDtffflJnSn*. Z. 
ffllAN 1 fif 4^iC p 1 ^tbt^l., $«=>lC, h 

RE (A*-) , RE*<9)i0Sn*. igftC f tC«fcD&ffi 
Sl^pl 1 0*«i)SSn. 2 1 ih7>-^^Q 

3 ifcJ:DflW8£l3»l 2 Oi«liJSft4. 
[0007] 12 3(1 02 2lC*bfcaB»«BHffl 
^•tf-BKroiMls&KiJIJ'rsfc©©*^ 5 >*f** — h 

ghU^ (VDD) ©ft^tPRE (A*—) A^t^n. 
h5>yZ^Q3©y-hSfl:HLowl/^ (GN 
D) ©{S-^REji^^SftT^S. LfcASoT. £©£ 
f h7>yX^Ql, QStttfcKagfflLT^&l^. 31 
©flcliTfi'^PRE (A*-) Mi ghl/^W^Lo 

w i^ncaMt-r * t, h ? > y*x 37 q i ammvtmiz 

fc*. Iffli§h7>yX?Q3!J#iWIffliJT 
«£N 1 ©m&^VDDK^U^-v^n 

[0 0 0 83 :/U^*-S>jW»*7L&*. m^PRE 
(A*-) rt*H i ghly^JUC^ffc-r-SilWINf^m^RE 

#h i g h wvuzmtlrZo rn»c«to h7>^? 

«shsi 2 1 ic«t oms^n i izftnzntznmw 
fs^ns. £©*s*, ssjsn i ©«&a*eTf5. ft 

^RE^Hi ghl/^JHCnWISAtttSi. A 
t &il&©flf£N 1 ©«{£<g;TA V« I A t / (C f + 
C p 1) 

[0009] mm i . nim* t s^mic p 1 
Tftjgsn*. t>w-7 h i o i iz-£>y-<Dmffit 

¥i<DBL®t<DmMlZ£r>Tik£2><DT\ »Hfc©K]i&fc«k 
7T§lCf©tllS/i5. Z<DZtfr<b, J§®C©[H]i£b 

teTAV35tA*m#tUTtB*lI8Sl 4 OKttS&Sn*. 

©t, tb*iHi8SiTAv©7c/j^itgij^n, ^©gdci 

[0 0 10] 

C p l#*£^£*{fc4rFAV#/ha<fcoTL-*"5. 
*|&K:BI2 2Kjj*Lfcl§!!&*LS lS8igStfB£fflV>T3i 
§lCf±t)%^f4flCpl*« 
SnTL£5„ tttfil 2 l©«sfcl Xteff^RE£H 
i ghW"<?;uK:r*»3IBIA t *^*<-r*cttr, ttft 

i *»*frv»t»jfitfe.-3#*"bt3#-fe>^i=y h i o 

itttfL5/Jv£ir»«3tf«3$L<r>. &Hj9#llS]©M 

[0 0 11] £©*&*, m^0?&l 4 0»CA*Stl-5fi 



(4) 

6 

gfM^n*?4iiCp 1 J:3S:»43|{foWi: 
«k0, ftlfc©[Hdl£5i!*Lfcm^tea<M'>U 

[0 0 12] #*Wid©<fc3fcHJ8£#ft-r-5fc«>fc: 

[0 0 13] 

*«iiE«o«wic*^T, $ i ©<i^£#a&mf 
«*a©-*n-en«. ^-rs^m¥a©ifi«iicEss 

ns. w*«5iE«g©^wtt, if*^i~3Mn 
*«»©*ffi¥aK<fco*fflsn*. w*«6ib 

a. aw^aRtfmfc^aro-tn-etia, ^m^a«i3 

att^tlT^-5. Sf:ftg8BStt©80Jtt. |f 

KDA^t 2e©m*«Ti* ; tb-^©m^S7 
io *«ttm#at*ttsn«i*©ai*«i^36*m*¥aictttt 

#©ffia**ffl©«{frS£©llfitt«#U*^fi©*B*t*«fc 

D^trt^^fc^m^jiS^M^iittffitft** i ©^ 

» l ©«^3B4*R©» JhB»K* l ©J*F©A*J*PS 
lX-*©tt5**^^©*feH©«6*fffl^b#^<it©«e^ 
fi«TC*:5«fc5K«l*©m*J|l : fK*ffi*8Jl)0l/TlB 

i ©ffi^%^^a©»^B#«c*EE©EnjD^f?±-r^m 1 

50 ^Hfl«, »*3Bl~7f!rn*U«|E!«©*WC*lr»T, 



4$ §92000-2831 1 (P2O00-283UA) 



7 

**«SSa!ftSii--B^a*-&tr. W#JRlOE 
*©£9Jtt. »*5l9E*o5fiWtc*^T. flM^ftK: 

^sns^att. j6io«*Hfi£^aK:J:*flre©u"< 

< b?g l ©fc*WB£*afc J: 

Sfc, M^ai lE*©5S9itt, M$g 9 Xttl 

oe«cd*i»k:*v»t, tttu^aoaffti 

a, mxmi iffi«©»Bjtci5^T, as*m#**#a 
a, o**p*at, **p*aoms*« 

trai;««©jis2©fli^56^atsfliAT^*. * 

it. M&Hl 3E*©5EWtt, tt#«l 2E*©5B9!K 
*«1 2 Xttl 3E*c©»1Hfci5HT. iifi^att. 1 

e©A^«^t 2 <i©m^^ t** iaoa^^s 

0t-*©tB*fiS^©«&M©iffiMffi^b^^ffl©if6*ffi 

tf» 2 iicoifn -#©m;*j«w&ffi 
^aK*i*s ns ttt. icxajh 1 *** 2 
©tBa«mc«M*aft, ^2©*^tt, -*©m^«^ 

****P*aK»8lESn* t <h *> IZXtiiiSblrtfm 1 ©^ 

*ti<Dmjs<Dmi3M : f-\z»m-2nfr-on i si^jb 2 ©ft 
^m^wtcDWitmizm 1 stfig 2 ©^ -en-en® a 

*SS^RDC-^©Hi*^©«SS©«e*fffi^ b S 

finuxm 1 stfsg 2 <Dmnm£^&<DW)ftmzmi±<D%) 

2 ©*^n^n©te*©i±i^«^©'>^< t 
m*^a*«*«snTir»4. sfc, tt$gi5E*®R 

1 Rztm 2 ©^^n^*n©ftfi^©ffi^^©^tc^ 
ssntiifcffiAfgrfe^, m&9ii6E 

«©%0Jtt, ffi#5ll 4 Xttl 5E«056Wt*t>T. 

tin^att, a^t. $ 1 2 <Dm?*n?n<DM 
*©m**^mnc»a!Sft*osB 1 xtfss 2 ©m^»£ 
^awfltjhi^lcfttt^wai**^ w*s»-r* ttfel: 

Sf§ 1 2 ©«^^a©»f^B#C&«!*©tB^ 

fc, at$9il 7E*©38Wtt, I«*J«9~1 6{5jn*U 
«E«©38Mfcfe^T. S^W^Sfe^att. *t«t4 

*te*a®ifi»£E«attT^«. m^i sb 

«©fgBJtt. W#«9~i 7Hn*>l^E*©3fitH»r* 



(5) 

<? 

^aickD^flisna. i^i 9E«©5gm 

2pm^i8^^att. «fi¥s«cii»t5nTH5. * 
fc. »*«2 oE«©sswtt. 1 ~ 2 0 <srn*» 1 

JRE«©5891fc:i5HT, tttb^att. SftT&O. *@<H 

*a©A*«3&«tta*a&^iB 1 ®«^3S£^a©»j& 
mi~2 of5jn^i^E«©»Bjtr*3UT, ^in^a 
jBiroflr^K^a. i&Hj^aatfJiiw^a 

**£©Wfcffl5i«l*SiTO>5. flt$«2 2Ett 

©%BJ3tt, W*9ll~2 OfBrtl^l^E*©f6Mt*3^ 
T, ^tB^att. -7-fi7nV'»S«KJ:»3»fiR3nA» 

x&K). *io«^58^a. «aj*aatfl*«¥aa* 

^©liH*5U»i^$nTVi-5. 

[0 0 14] ^tB¥a©«5!,*f-JiSi;7i:ffi#©U'^;i/S: 

jus^ aTtiti ut*» saj**aic«»r * c t c «k 
20 d> m*#a©A*«^©«*€«nw-r<&ct«JTf* 
*. a*fW€£^a£aw\ ^m?a©«m* 
tc « i; fc «^ t aipm^-ene'n 1^ 1 ;u© a /mc 

ta^a©«^»^ufcffi^©i^'<^©A/J^iies-& 

[0 0 15] 

mwommoMm *%wonffi<Dmm\z-D\,* 
TEiM&m^-cwmizmwrz. 
cmi<D^ffi<DMm) nil *aififc«j:*«iB»ttB 

h 1 *»ric^flct UT^*. *t>7i- y h 1 ttL S 
I 3-y7±\ZS.^\zMfflLT&Tmz$iW-2n, -t>V 

[0 0 16] 0 2tt, 0 1 lc^Ufcir>Xa--y hi© 
1 tt, Ar B 1©Ji3^i*©ig^^©ttttlCcfcD*mft* 5 

«{br *tttB* ; F' iot. ^©^ai*^ 1 0 ©mri*tc 
jt;i;fce^**4f-&«ioe^5B4iHi»2 ot. c© 

•5«^tsipgiHig§3 0 1. z\<Dmnm<m®$&3 o©tb^fi 

9TirtSnTt»4. 0 211 iiSnt>Xaz-yS 

1 © -t > vmm t m 3 © ^ « <t © n <c ^ a n ^5 
is]j8£^LT&D, c©«^r, ^m^^ 1 0 tm^mz. 

ESS 2 0 i©ffi^fCfi^iii|@lHl8S3 0OA*«*«S5aS 
n, £©{i*t*f*ilHlB&3 0©tB^fiOtm*I18S4 0*^ 

so [0 0 1 7J H3tt, H2£*ttSlfctti*-yi OOfllJ* 
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**r»r®H-c»-s. tttt>*>, LS \m<DW$LZntz 
l±KTJi»»Kl 2**»rt**i. ^©t 
IftiRl 2±KE»1 3«SniH5. 3 
^ 1 3 KCTFJIIftHR 1 2 ±icBWS6ltK 1 4 HWliLZ 

i 6H nMttiuKi 4c»jjanfc7;i'-*-jn'i«) 

T. mfflmmWk 1 4iMy^->3>| 1 7 *H:>1* 
tf 1 6ftB3«k5(C»J«SnT^*. ftfe. 0^Uft 
Kill 3KttB2fc:iSW-*flHHfi£II!J&2 O&tf 

[0 0 18] Zl©«t5tt«lriEC*^T, »tt«tti*f*<& 
mZ1fi±>^7V^( 2frifTSnT/V>^-i y-a >R1 
7ic8Hlfc-r*<>:. t>1tiil6±t?l4;V>^->3> 
11 7C«nfc»3 0ftJ(t«»«StbT«IBbT, ir> 
U-fcffil 6 tOWlC»«««*«»J«Sn*. it5fc©?giUC 
fi, &J*©[Hi&fc:J:?>»j£3nT^*. Z.<Dtztb, m3 
^A->^-y 3 >Il 7tC^M$-&fc«"&, Hill 
©&»£^>y«lSl 6 <i©8§!lite> tttt«»AUTIr» 
SHSBta^Tgft^.blcftS. ^tX, 

[0 0 19] &-fe>X:x->y UTti. ttffl^l 0© 

[0020] 01 iZTfiVtz&mi&ViV&mm^-y-®® 
mmt-ttmmzntzhs i^yzf±izm&2t\Th*. 

[0 0 2 1] 02 (C^Lfc-t>7.^-n-y h 1 IZ-O 

1©@I&0-C**. Cfte0 3K:fett<i> 

1r>U-*ai 6 t»3<DftJ»t©IBK»lS$n*»«* 
ftT*&£. §iCf ^Mt5t>itfll 6«NchM 
OS h7/y^?Q3 a©h*l/-f KfiSlttSnT* 
D. IOh7>y7^Q3 aODy-XSTFteftSSl ©ft 
SKiH2 1 a ©A*W::S5ttSttTlr>«. -t>*« 
Si 6<th7>v7<*Q3a<t©gi5£Nl aCB, Nch 
MOSh5>yX^ Q2a®V-^«f 
^SKSnxi/^. I©h7>yX^Q2a«)l J Ky 

v-zsa-?ic«smBEVDD*«H«nsnfcPch 



(6) 

10 

MOSh5>y^? (g§l©7.-f yy^©) Q 1 a © K 
W >«^<h, K U-f VDDjW=Pftl£tl 
V-XSSWJgffiR a **LT«JftK«ttSnfcNchM 

os h7>v7.iS'Q4 acy-h^ft^snxn 

[0 0 2 2] Sh7>yX^Qla, Q3a©^-h« 

^tc«^n^nff^PRE (a*-) , REj&iEPUpsn 

a. h7>yX^Q2 a©y-hSSm;:tt5£«flE 

v 7; 37 q 2 a k ft * y- h - v - x n © l, 

#^il«BE«:Vthfr*4:. VDD>VG- Vth£ft£ <£ 

■5(c*i£vdd, vGa*»£sn*. S,Wla, 

N2a^n?n^t§ICpla, Cp2aJtLT 

[0023] nmc f\z£D&mm^i o«$n, 

«tfES[2 1 a th7>yX?Q 3 a 9flPHB£H 
SS2 0/Wg/££tu h7>yX^Ql a, Q2atC<j;0 
«^*«lli&3 OjWSfifcSn. h7>-/X^Q4atfi 
20 ttRat-f >A-*y-h4 1 tfc«tt)ta*[sl»4 0*« 
H4K^bfcaEffi»ttB»ffl-t>tHHltt 
tt, S5 *N 1 a , N 2 a MK h 7 > i?7> 5> Q 2 a tiWtia 

[0 0 2 4] i511 04t:^bfe-fe>7>^--->' h 1 © 

mtt&mwt ztztb<D?-( s>yy*-hTfco. 05 

(a) 8h7>^^Q 1 a*$01S?r-5^PRE (A 
-) ©«<MgflS€:3i?U 0 5 (b) ftt-7>yX^Q3 

a £«»r*e*R e u 05 (c) a 

30 MNla, N 2 a^n^nottt«ftt*l/T^S. 

H7>vX^Ql a©y-MSfi:ttHi ghl/ 

(vdd) ©fi^PRE (a*-) ^Ae.n, h^> 

yZ^Q 3 a®y- hSf CttL o wl/^Jl/ (GND) 
©MREAi^SnX^*. l/fc^oX> £©£:#b 
7>yX?Qla, Q3 atetfcKSilLTI^ft^. 
[0 0 2 5] £©#fgT-m^PRE (A*-) fr'High 
l/^bLowl/A;H;»t5i:, h7>-/X^Q 
1 a*«Satt»Kfc*. coith5>-^Q3att 

n*. Sfc, h7>^Q2a©y-h-V-7Mt 
JEE*^ L * ^ffiftEE V thfcit LX h 7 > * Q 2 a 

mmvtmzu stx MNia^tsns. ^ntc 

J:D, gn^Nl a ffliWG- Vthtcyjy^-v^ 

[0 0 2 6] 7"Uft-y«7Lfel, (f^PRE 
(A*-) )J»HighK;H:«ftt5t. h7>yX? 
Q 1 a C ft*. intll^CfifREatH 
i gh lx^;Kc^ffc-r*i, h7>yZ^Q3a^iI 
50 «S8irft0> «^*4@K2 0*»li^«S8t«ft-rs. 
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LT, 1 aCiDSL&N 1 a(C^tt$tlfc* 

<h, h 7 >v7 ^ Q 2 a (Dy- h - V-XHIE^U t 
i^{IttEEVtliJ:9*£<&0. h7>yX^Q2a*«« 
ffiftlUcgfc-fS. cnidi; 98ri,&N 2 a ©llffi fell # 
tfe^n. S5£N 2 a ©*ft(gT^m#rt 3. 
[0 0 2 7] tC5T, §4MCp2alih7>y^ 
*Qla, Q2 a-^tt^ncDKU-r >«^(Dff^^*i 
h 7 > vT. ^ Q 4 a coy*- h ffi^ CDff^^ft «t 
5. C0f4tiCp2al;^^TIl HI&cDP-T 7^ 
htCJ;0, 02 2lC^L^^*©«®}g«lg^ffl-t>-y- 

^i^T^^o Z<Drz&, ±mVtz£?\Z%i&N 2 a T 
m{4<ffF#P*l#rf M5£N 2 a (D*ffi«^^[tC<g;T 
f-Su fit- S5£N2 a ©*{4rt*S5 *N 1 a ©*&<!: 

mnmztizt, -^©^hp^n 2 a ©ft&fgTteii^ 

[0 0 2 8] fl^RE^H i ghl/^WltlifflW^ A 
tit5t, A t i&jil&©lii <£N 1 a<D*ft{£TAVte 
VDD— (VG-Vth) + IAt/ (Cf+Cpla) C 
&*. u^T, f^iCp 2 ateSS^ftCp 1 aC 

fflir>+f@&fCit^Tm{4{STAV©*:^3£VDD- 
(VG-Vth) £tt**<f CtKCi 
0, a©^lCp 1 a*^f <Tfe, 

[0 0 2 9] m*08S4 0TB. A^jff^i: L.T©*{4 
(ST A VI'fSCT, h7>yX^Q4 a©V-X- h* 1/ 
■f >Hfc*n4««Ji*asflS-r*. £©*8SE^tfcM£tn;R 
afc:«J:0flBEXft;t*JCt(l3n*. -f >A-^y-h4 1 

[0 0 3 0] iAN2 a©«&fiTAV*<VDD- (VG 

-vth) < &ntf, o/wy-Miou 

[0 0 3 1] S6.{C, 04tC*Lfc-fe>XiZi-7 h IT 

a, tttB*^ i o tmnm£.®& 2 0 tm^mmm® 3 

0 £ffl*igj&4 0 i;iott>xar7 h l A«$n 
Tlr>*. -TfcfeS, «*56±@IS2 0t(i^*«iai6 3 



(7) 

A? 

©t\ ^msi^i otcs^-r^s^ftcp 1 amnrn 
£X?tf/h3<&&. m^[Hi8S4 0A^ atje-r* 

*|[sIS&3 0, IH^IUgS4 0S©M§iCp 2 atfVMS 

ifc* ? -3t, mi&'&mT'Wrfiznmm&mizm 

4 0©AAfl§ (av) 

[0 0 3 2] a*. *Rfcl6UT-f Wt-dry— h4 1 

e&4 o*»6«whhti o©«g»fcjsi;fc7^-D^«^ 
mmm^-i owmastrscfcrn^xv^;^ 

[0 0 3 3] t«tI2 1a^ffl^TM$nfci 

^**0»2 OSCttX-T, H6C*tJ:'5C«iCs* 
ffl^T«*S$nfclBl©«-%564|5iK2 2£&fflf 
£%>T#*>. C©«^«*IhI»2 2TI1 X-T7?SW 

1 o-jcHgjffjWfwi*? 1 0 i;si$n, fa*© 
HJ6»?jW**fc:*l«sn. pJ»*RW**c s \z&m 

SnT^S. fif*4@»2 2TH 0 4fC:fctt3h7 
>v ? X^Q 1 a©Sffi^FtrX-f yfSWli^lC s £ 

mmzmmLx, mmiz^mc s <Dm$jtti>kmLT& 

SW 1 *5gfC s Sr^liS^ 1 0 tClt^LT. — ^©^ 
f^lftC s CM^^'tT, tttiiSt^l 0©«fa 

[0 0 3 4] (8 2©H«©»») B7»i. *58flk:«fc 
*«®»ttBiliffl-fe>-t}-@IS0SB 2 ©^J6©^^©-t > 

Sfl»«^*5S^r*«*(S^5E^0» 5 0 t £ 

40 fctr. ■fi^itips[Hig§3 i*«fi#58felHltt2 OlCctsff^ 
© ]^;U£*£fS{i ^© u^;i/©7c/jNtcSo*^ifitisSSr^ 

[0 0 3 5] i8(t 0 7l;^bfc-b>7.a-y h 1 © 
H8fC*^T, H4tH-»»f4|S|-«F 

fc-fe>XJ-^>y h 1 «. 04 lC^Lfcir>X3.- y h 1 
(C, 5 1i> ^ 2 ©ft ^-^^iHlSg 5 2 £» Nch 

MOSh7>y^^ (^2©^) Q2bt, PchMO 
so S h5>yX^Q 1 bt^ttjbnbTJB^SnS. 
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[0 0 3 6] «SC r te. -t>7.a-y h- 1 

?ijffl$n§„ :©§icr©i!j, m^am^mnrz 

t£\ZMl&2nz>®&C f HHMmnfc titled 

*^K«tO»J«$n4. Lfe*bTM^.Il MIM (me 
tal-insulator-metal ) glR^P I P (polysil icon- 
insulator-polysil icon ) ®mte£<0&5\Zffi&ffllzm 

[0 0 3 7] {B^58±@l&5 2litiC rKttJSLfcS 
^^itSfcCTSD, «^fg£|5]S&2 0£|W|U 

»ft$>2 1 b<h NchMOS h5>yX?Q3 b<hl;rJ;oT 

<JWET4*SfcaB2 1 a, NchMOS h7>yX^Q3 a 

iHWttsti/T^s. mmmm&±®& 5 0 i*±b 

5 1 £ffiMt«£|Ili&5 2 £tC=fcoT<#fi££nT 

fc***fi-UT^**£l;:«#5fi£|Hltt2 0<fcDfg£T 

[0 0 3 8] *fp*^ 5 1 t«^3B^0!S5 2 
NlblCH NchMOS i^7>yX^Q2 b<5V-^S 

chMOS t<7>yx?Ql bfflKHyfflf^aan 

2 a ©y- HS8f tt h 7 >y 7 ^ Q 2 b O K l/-f >«f 
£8&*fc£nTV>*. K7>yX^Q2b07-'-h 

^F7>yx^Q2 aco^u^y^izmm^nr 

fc*3, h7>yx^Qlb, Q 2 b H-iE" n-?n h 
7>y7?Qla, Q2aiHC1$tt6*l/T^5. 
[0 0 3 9] #h7>yX^Qlb, Q3b©y-NS 

^Ktt-tn-fnte^PRE (a*-) , RE*iTOn$n 
*. fjSNib, N2bl«nfnfitiCp 
lb, Cp2bSWLT^4. b^yzSXfQ 1 a, Q 
1 blC<fcl3SS2©7.-f y^ftjWidtSn, ^©^2® 
^^7?fgih7>yX?Q2a, Q2bK<k»5fcf| 

[0 0 4 0] 19(1 B8CSI/fct>W=7HO 



(8) 

(a) teh^vT^Q 1 a, Q 1 b £r$Wi~-5{t-^P 
RE (A*—) ©mfMgfcSSU 0 8 (b) (Jh7>y 
?;*Q3a, Q3 b£f&JWT-5ff#RE<D«(aM£* 

U 0 8 (c) IJ|i*N2 aCififft^^UTl-^. 
£30. h7>yX^Qla, Q 1 b <£>y- FJjlfipCttH 

i ghl/^Jl/ (VDD) ©i§PRE (A*-) 
*U H7>y^^Q3a, Q 3 b ©y— b^tCteL o 
wU^ (GND) <7){t^RE^#Ae.nTU-g>, bfc 
io Abt, uOif h7>y7^Qla, Qlb, Q3 

a, Q3 bcD^-rnfeigSbTl^ct^. 
[0 0 4 1] CCD#<£T{I^P R E (A*-) OfiH i g h 

la, Qlb)J«»I«»l:6S. r<Dith7>yX^ 
Q3a, Q3btt**iittl6©S*'r*t), fl^^^Isl 
8S2 0, 5 2ttffjh«*K*«*>5. «j&N2a, N2 
bromftrtWDDtcyu^-v^n-S. h7>y 
7.*Q2 a, Q2 b©y— h-V— *IW«EE**U#Mi 
mffiVthfC»LTh7>^7.^Q2 a, Q2b»il 
20 jRIBKfc^S-e, ®£Nla, Q 1 b*«*t«ft5. Z. 
(Dt^h7>yX^Q2a, Q 2 b (Of— hJtfffcltt* 
dVDDA^jD^nTl^cDT, g5^N 1 a, N 1 b<Dm 

[0 0 4 2] 7'U3 : t-y*^7l/fcS. {f^PRE 
(A*-) ASHi ghk^KCffttSi, h^>v 5 X^ 

Qia, q i bt>mmmvtm\ztzz>. ctui&mzmn 

RE*tHight/^H:»knt, h7>yX^Q3 
a, Q3 b*«*attl8K:fc9, m*§S§£[III& 2 0 , 5 2 
tfftflMfcttfcSMb-r*. ^IT. m??iti!I2 la, 2 1b 
so K«fcD«£N 1 a, N 1 bfcas«3ftfc*fflf*«3l*tfc*> 
flf£N 1 a, N 1 b (Dm&tftl-ffrlZl&T-f % 
h7»7^Q2a, Q2 b ©y- h - V-7.M«EE/^ 
U*i>tM£EVth«J: ?);*:*<&?>. h5>i?7^Q2 
a, Q2 btffcattffifcaSffcf*. £ftK«fc9»j£N2 
a, N2 bO*^ft>5l^^n, gn,£N2a, N2bO 

[0 0 4 3] d-T, tiCf>tiCr®l&, 
Nl bCttt©*^Nl aOlttJ:0fcft<S;S. 
ICiO. h7>y7^Q2 b<Dmm&Vi&b?>i;7>i5> 
40 Q2 a©#afi^J:Dfc/h£<&&<DT, ®,£N2b<D 
m^*m^N2 a«fcOt>#<®T-rs. ^OMN2b 
<Z>ttfi{g;TteNchMOS h7>y7^Q2 a©y-hSS 
fCAASniOT. h7>y^^Q2 a <Z>#aig*ii# 
*£<&.5. Z.(Dtz#>. S5^N2 a©mfi<g;TAV*t/jN 

[0 0 4 4]-*, C©»jjSN2 a<0«(4«NchMOS 
h7>i^X^Q2 b©y-h^TfCA*SnS03T, h 
5>y^?Q2 b©#a»fi[OlEflsfa/hSir». ^cojjg 
»£N2b©«ffitt36C«T-r-5©-C. H7>yX 
so ^Q2 a©*»S$W«M£**<fcS. r©i5IC, h 
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5>yX^Q2a, Q 2 b tfXiSSSttanTI^* Z. t \Z 
<fcD, CttSOBftfettHHSSn. e*tLTN2afflI 
&<£T A V (J /Jn $ < ffil e> ns . 
[0 0 4 5] jgfc, §ftC f <§*C r ©»£tt. &S5 

S5AN2 bOmmtZfVrv-iSZWzmWomVLVDl) 
J&»&**Dgft;Ufc^. £©fc«>, »AN2a©«& 
«. H4lC^Lftt>Wr5/ HO*^iH*IC, A 
£<{£TT£. htzifi-oX. r ©ffi£±3*L/t<fc 

(av) *»a*0(S4ocA**n. »tt©pfl«*«ttn 

fci:#(CttU^;U©/jN$^(t^- (AV) A*A;*jStt5© 

t> maun* 4 o js«jttt©p3ia*wat*ij^-r4 - 1*» 

[0 0 4 6] $e>H, B8C*l/fct>^az? h 1 
tt, S5AN2 a©y-**»K«fcoT*«f#5l*4IiJ0»n 
-5Ci:tcJ;«)«{iiST^, «AN2 b©U-**«EK.k 
5tft«ftCJ:?Tfi»t5ut^TS5CDT, 'J— £ 

43, @8l:Sl/fet>W-7M-Clt tB*[Hl8§4 0 
*m«N2 aKSSttSnT^***, Ciratb*|5JgS4 Oti 
MN2bi:ft8Smt)J;iri. :«o*6. m^0SS4 

[0 0 4 7] (S§3©Hi£©Jfc<i) 01 Ott. *5B93K 
J: *aiB»«B«fcffl-t >-y-|Hl»©» 3 ©**g©^M©-t 
>T.OL- - 7 h l CD|slg&0T&5o BlOfcfiHT. 08 

4 0Oftb0l:, MN2a, N 2 b fd&ttSm&igT 
A V*«ffi1tM^tbTA*Sn*a*lHl»4 2 SfflU* 

AT, i8lc*btt>^a - 7 h i tsas. 

[0 0 4 8] fflftlll&4 2tt2MK$©mEEi846SIft&ffl 
WItTiiTtS. Hi OKfeltfcWaiaBM 2 

NchMOS b^>vX^Q4 aR^lgjnR a £, £ 
ft^HU^tefc^rrSNcliMOS h7>yX^Q4 b 
RtfjgiaRbt, #U->h5 7-fl*«lIigi&SflWE-r* 
PchMOS h5>v7.^Q4, Q 5RtfNchMOS 
>yX^Q7, Q8tl:ioTi«Snt^5. 010 
(d^Ufc-fe>7>a--y h 1 ©Rjfm, S*WtC0 8 IC^ 

4 2Jdffiffim#*A*T«.^tH<t<3, tt«£Hi«£# 

[0 0 4 9] (SM ©!&«©»«) HI ltt, *5eWK 
J: **ffi»#BSMi-fc >-tf1Iil&©JB 4 ©H«S©»JB©-t 
>7.a- h l ©|§)S§0T&-i>„ 01 llc&HT, 0 8 



(9) 

/<? 

■ST*. 01 1 tc^bfcir>7;a-^ h l «. ft^ifiH 
@(S3 1lCftAT. *fl!AN2a, N 2 bWKttttSn 

SAT. B8l:Slt-fe>7i=«;Mift&5. W.3 

AN 2 a, N2bWfcS5«Sn. y-hirpKft^pR 
e (a*-) 3o*Bmn$n*PchMos H5>^a^q9k: 

[0 0 5 0] BSfcSl/fct^azyMffl*^ h 
io 7>vA^Qla, Qlbl^ftOtfeot^iSi. 
S5AN2a, N2 b £«B«(£VDDfc7 p 'J3 : -*-S>-rs 
Rl:. BAN 2 a, N 2 bl«lC«tt*38i»»*T*'5I«tt 
giAN2a, N 2 b^*it > tC|5l«{i(C7' l J^-V 
-ySntV^^t, SPAN 2 a, N2b^n?n©f 

[0 o 5 i ] 0 1 i (c^Lfc-t>xrL--^ h i ©iSf£ 

tt, S#MfC0 8 lC^Lfc-t>Xn.--y h 1 tISICT* 
-So LfrU 11 ll:*Lfct>Xaz7M©*&. 
«#»£IIH*2 0, 5 2©#lkltfc. h7>yX^Q9 
20 TMN2a, N2 bM4S§t5oil;J;0, MS AN 
2a, N2bSHlttC7 r 'Jft-i't5Ct<«T* 
So {B^«ffiPrrfcfe%«*He£lH|l&2 0. 5 2 

©ifjfWlCte. h^>->*X^Q9«iSAN 2 a, N2b 

M*H;i*"r<&. ztuz^y, fjSN2a. N2b*n* 
n©«ffi»Ta«©lEfl:saiAac:t3&«T?€r4©T, * 
iB»tt©*ffl«ft©ftT*i»±-ract3&fc*4. 

[0 0 5 2] ft*5, 0 1 1 tC^Ufc-fe>XJ-n-y h IT 
tt, ttS*lHl8S4 0#8BAN2 aizUffliZtlT^Ztf. Z. 
©ffl#l°l8&4 0BMN2 bC&i&StlTfcJ;^. £© 

30 m*ni»4 o©m*©att*«RK-r*«ttT» 

[0 0 5 3] (SB5©*«g©»») HI 2tt. 
«t 4*iB»ttBaHffl-fe>U-|iItt©« 5 ©£M5©JB*©-fc 
>T.OL- h 1 ©@8§0T*'1>. H 1 2 KI^T, 01 
O&tfBl 1 £H-»$HaH-ra^S*>oT*U ■€-© 
KisiisaitfnBT*. 01 2(C:^bfe-fe>7;aL--y h 1 
tt, B10KSl/ftt>W=7Ml:*H/T, <s^li 
*S[eJ?&3 1 tCf^^.T> 0 1 1 K£l*«W9J|ffiB&3 2 
40 £fflHfc%>©T&5. 

[0 0 5 4] 012 (C^b^-k>7;3.^-y h 1 it. g&A 
N2a, N2b*«W*<fcVDDfc:/'J?-*-5?-r*l» 
K, h 7 >^^Q 1 a RtfQ 1 b 0»ttC5tf60*C 
«t*»aSAN2a. N2bim©«ffiS££*<-r££a<T 

*«. z.(Dtztb. 0i 0l:iU&t>wz7 hi (cjt 
^T. C©«ttlSlcJ:-3T3i»»ii*EI»©ffi*tA*K: 
*7t7hiE*»ti;Tl/*5i:t1». IRAN 2 a, N 
2 b-ttt-tfftOfcteBT&flWfcffcLTLSSCtKJ: 

so [0 0 5 5] (Sg 6 ©SIM©^®) 01 3tt. *%VUz 
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«t-6*S»*BSttffl-t>1i-|Hlift©JB6O**fi©»»(0-fe 
>7.JL-y h 1 ©0!SiaT$>S. 0 1 3 K^T. 04 

#3 h7>vX^Q 1 a-Q4ataft58ttSt)Oh 
7>y7?Qlc, Q2c, Q3c, Q4cSfflHTi 
fijcbfcfc©-?**. @13l:fcHT, QlcteNchMO 
SF5>yX5', Q2 c~Q4 c«PchMOS h^>v 
7.^-e$)-5o h^>> ! X^Qlc, Q3cl:K 

n^-'n. ft^PRE (a*-) , REostt^sKLfefi u 
^pre, re (a*-) Annans. «iSi!S2 

1 a©A£»CSM«ffiVDD7^ijn$tl, h5>yX^ 

q i c ©v-^an^ssfl&tissttsnTti*. n i c , 

[0056] 014 tt, 01 3 td^Ufc-fc>Xa--y h 

^o-t>7.a- 3/ h l ©ftfflii4l:*Lfct>xaz 
>MtBCT. fi#©«tt*«R(El/. fl« (AV) © 
*ft©#fa)W»to*fc&oT^Sfc^tT*tK 04 (C^ 
Lfet>^iz >y h 1 tl^CS&Sd^^n-S. fc*5, A 20 
t jgj§^CDSi^N 2 c»|ft±#AVIt VG + Vth + 
IAt/ (Cf+Cplc) &*5, 0 8,01 

o~0 1 2®fn^ni:Slfet>^azi/ h l tc^a* 
TfeRHitC. hy>z/X$Q 1 b~Q4 b, Q9£g& 

[0 0 5 7] (17 (D^ffiOWM) 01511 *5B9IK 

tet^n-v^iffes. 0 l 5 Kisi^T, m2tm 

*. H2fc*ufc«is»!RB»ffl-fe>-y-iHittT?tt, &m 
*?i o«tcft^^^iHiss2 o, mm%mm®3 orz* 

tB;fr[s|g&4 O^IStf, :M5Sia©t>W=yM 
t L, «*©-fe>*a-y h l ^2i»C7cBE?iJbT-t>-y- 

7U"f 2^^-rso ::©*^. ^mftf^^M^jicsaa 
[0058] ^nt-MLT, m^f6±0BS2o, 

*§Ie18S3 0&tfffl*l§l(&4 0©-5*>©'>&< £*> 1 O 
ff#5g£0&2 O&PkmTZmGlZte. 015 (a) K 40 

*HSl!8&3 0*#J8-f4*£K:tt, 015 (b) ICiST 

<tp»r, *»©fli^*^iBitt2 oar;Hi*iiitt4 owk 

l<@©m^-iii|ii@!S3 0 £7W 7?SW3, SW4t*l 
KWtC»StT^> 0 £©£:£. &X-f 7fSW3, SW4 

015 (c) tc^-TckoK. «S©«^iiit@0 

SS3 0iCX<-;/^SW5Tl®©W;>JlII8&4 0£g|RW 
ICfi^f -5= 50 



[0 0 5 9] HCk-SKflmSS*®^ 0, «^Jf*g[ll 
SS3 O2&tftB#0!&4 0 <D^%<D'Pt£< i=b 1 OS, & 
fCO^Ili*^ 1 OT^ffl-f-S^ttCcfcO, ESS^^W 

ft:*. S^fcififc 

EB^nfcaftWlftUiStl^l 0T«^58*HIK2 0. ft 
^*9fillli&3 0J^ffl*ll»4 0£#ffl-rntf. @!j£© 

08. 0 1 O~0 1 2<?) ; tn?tUZ7jkVtz-t>X3-=- v 
MTt). m&Ofo&m^- 1 0 T*. ft f|3S£EII& 2 0 . 
ft^if*g08S3 1, 3 2Rtfffl#|sll&4 0, 420^S 

[0 0 6 0] (% 8 ®£lft<Z»gfiB) 01 6tt, *3891lC 

)S5:^T^'D-yi7 0Tfe-5. 016tC*3^T. 0 7 £H 

*. 0 7lC*tt-5»$S«^5££[51!8 5 0£H£Sc©«^ii 
1 t«k«3*ffl-rsct>t>T*<&. 0 
1 6t^T=k5tC, fflfc©«^ti11lHlSS 3 HCX-f y^ 

sw6, sw7ti m<Dmm%w>m& 3 1 

5 Sfc. 0 1 0 ~0 1 2 (D^n^niZT^ 

»©«^Jiitii5isS3 1. 3 2T?*ffl-ra^t*«T#*. 
[0061] (fg 9 ©*ss©fl£ts) 01711 *mmz 

>WZ-y Hffli*Swt^PvJBIT*5. 017 
fcfcHT. H4iE— *3M**t>T3Tjj*U 
©SiHflS3Sfi#BS-rs. 0 4{c^tfc-fe>xrL- l y h 1 
T«. t>f*Il 6£#3©&J»£©|B!fc»fifc3ftfc 

^tii*Tl 8 6ffll(»Tt>7ary h 1 tmOLtmt. 

[0 0 6 2] 017 (a) {C^fiotC. ff§ 

1 ©ft#SS£lEl8& 2 2 tfcHJJtH 1 1 8 £ft4?JgttlsI& 3 

oitB*iHiK4 o t^z\<Dmiz\s.mmm^nx. -t>x 

i;»;H«W. CIT, S^5!^|5|ii§2 2tt 
0 6lC*tt^>^»C s H«fcoT«*Snfcfll^5S±lllK 

2 Sfc. ffi4?flHBII|J& 3 0BBI4 
W<62l»0«^iaiillK3 0T*-5. nJ^JSta^VR 

T. iSi^fttiJIfT**. -©"5I^fi*t*^V 

rsct^T**. zomommt. s*wtc04tc^ 

[0 0 6 3] <t*, 017 (b) ic^-ri-Str. ffi^^ 
^0SS2 2tCf^x.T. t£EB2 4i:^yfSW8ii: 
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toKir^^snx^-s. fcaru 2 4 ©IIEEV 
«»it^«^l«i|>i[5I?S3 O7^{W8£0SS2 3 ©;$• 
l^i]tC^fi^n£cfc?t^ JE^?»*$T©ttS:(DfttCt5SSn 

-So 

[0 0 6 4] @18li 01 7 ld^Lfc-t>Xa- y b 

1 ©{l!l©$$£;K-t 2 0T& -5. 018 (a) \Z 
7fi-$£o\Z, ftlllif 19tLT, -?-f 

£-5. £©}§£, <f^fg£[@]S&2 3 9 tfl| 

^it*SiHlS§3 0 i Hi # HISS 4 0 t3fttCOil»CE?y«i»S 

[0 0 6 5] X-(7flfSWIl t£3&£*©lg»«i 

^SW7^&©Ai$(i£D#T£nS£. m^*0g§ 

2 3<h{t^ifi|iS[HlS&3 0 t<Dm*&ffi-tZ><DT\ 7V? 
^-vSnfem#^**JEili2 4tCj;D?l#a^n^>» d 
tliliD. ai£@i84 0©A#«fl©tt<i#i&T-f-2>. 3£ 
(C, X^-;/^iSf^SW;^m©[H]WcJ;9ffiT£ttT 

(t^f€^[i]s§2 3 t«^ifig[5iss3 o t^mitmn 

2ntz$.$.T°&Z>fr<i, m*leISS4 0 ©A^{BiJ©tt&te 

&;i,fc#*T-£5. C«tecDiij^«. S*W(CH4tC*L 
fct/Xa-7 h 1 tlWUTe&S. 018 

(b) , (c) (r^-Tck^ir, mw%£.®&2 3KftA 
T, «sitill 2 1 a £-&tMH^5g±[HlS& 2 0 Xte#»C s 
£^tr«^£[H]g§2 2 Srffll/^fc^o 

[0 0 6 6] 08, 010 ~0 1 3 rofWnt 

^L,fc-t>Xa--y h 1 tc, 0 1 7RTfm 1 8 K&tt-S 
&ltim?18, 1 9^. ^-r^«^»^@SS2 0, 2 

2, 2 3 ttblzMm-fZZt'b-Z'tZo tztzls, 01 

3ic^ufc-t>xa--7 h lom-s. m^mm&2 
o, 2 2, 2 3t>^{mmm^3 ocD^^zmmtm 

tlZkolZ, ft^5g£lsl& 2 0 , 2 2, 2 3^1gn 

[0 0 6 7] (no ommo&m) 0 1 9 «, 02c 
*5^^fi^ig*s(iis&3 0 <Dm<Dmm.m**-?m&mT~3b 

3. mnm$g,®®3 out. 019 (a) tc^-Tct^t, 

8S3oa. 019 (b) \z7rs-t&?\z, nffimnzmi® 

? 2> tl V y h 5 3 4 ^TIIT £ £ £ feT 

£3. nte««ttiiHgT&.5. 019 (b) T-«. Pch 
MOSh5>y^^Ql 0, Q 1 1 ©^*— h"HW£ffl H 
T*«tig*S-r^*P>h57-HISS3 4^^tfe*^ H 
niClE^1-^ ; fe©T'«/«t^„ g;fc, 0 7 {Ci3tt5Mi&§y 
©«*|t§*I[H]8g3 1 fc. *l^>h5 5-(H]?S^ffl^Tll 

Ji-r^rt^T^^o tt&. *%mz&z>mffiMV;mw< 
*m<Dmmt£Wthz%?z>iiWMVi<nwmizMmi£ft 
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[0 0 6 8] 

*»6ia*#aic«»&-r2)wtk:j:t), iis*>^a©A*>« 

ffi»OIHIi!S*S*bfc«/hS:fi^*{b*«UJT**© 
[0 0 6 9] *fc, tt*JS2|Btg©^9!T"tt, &tB^a 

tie i ©m^^atiaffl^at *s^icifi«E«r 
w*^3E«©56MTtt. ^^tcm^»^a^is*s^atc 

[0 0 7 0] H«a4~6Ef©*flTtt*tHP 

©^tb^aT"*ffl-rsr<!:(cj;D« @8S«^s^»)^« 

sfc. ii*a7te«© 

t#So *fc. ii*«8tett©^B^T«, ^ta^atm 
nfc«f*«t«*«*:*<T*), *m*a©tta*t«i;fc 

[0 0 7 1 ] Sfc, §i#^9te«©f£93T-te, S^ll^ 

««*«*fl:a**. ^JA«, w*^i ote«©^aj© 
«fc ^ tt*«m*j: o/hs t»«^Ktti««a*/ha < 

L3ft»U, C05eMfCJ:n«, Sffl^©[Hia5<!:Og|5 
OK»J*«M«»C)ft*OT?. «B^«©«ltB*SS^f6]±$ 

so [0 0 7 2] ifc. 4Ei©*ip!Tfli SB1S 
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Um 2 *££»ttbT*«^R£«J*-r*» Z. t iZ 

fc, U-£«»fc±*«*«ffc£ffi«-e*S©-C, u- 

^%zt\z£v. nm^mmzii-rzy-ix-r-ityz 
**<t4ut*«Tt5. ^fc, 1 e b*©b9i 
$ i stfi 2 (om^n^nvMJsomiiM^ 
*tm-t%%iz<D7.-i y^mzm^zztiz^o, m 

2 ©X< y ^RSWjrr**^ ©«Ht©tf 5tJ#£* 
^<«iB»tt©«m»*OfiTS:aift!|-r*c:t3&«T* 

[0 0 7 3] Sfc. 11*311 7f2*£©^T"tt. 
»#©4ftWWfl^fl±£tt*££j&*TSr*. IS* 

[0 1] *5BWJC«fc4aa»ttBlllffl-fe>1i-|Bl»©SB 

[0 2] 0 1 \Z^Ltz±>7s^L=iy h©*?t)&£^T:/ 
□ •;/ i7 0T&-5,, 

[0 3] H2fC*Ufc«a* ; f©«ll***-rWriBHT? 

$> o 

[0 4] H2fC*bfc-fc>Xi=y hOEIBSH-C* 
3. 

[0 5] 0 4(C^Lfc-t>7.J-n-y hOi^SUISt 

[0 6] 0 2 tC*Lfe-b>Xn.--> h©te©«f&£;H 
•TIhIS&0T*-5. 

[0 7] *«iWfc«fc*aiB»ttBS«ffl-fe>-y-|Hll6©JB 
2©*ig©^©-fe>xa--> h©«fi£$^-r^n-y^ 
0T&5. 

[0 8] H7C*l/fct>WCy hCBBHTft 
5. 

[0 9] 0 8fc^Lfe-t>7.a-- y h©W)f^$:ijiB^t- 

[0 10] *««»cJ:**il»ttBaiffl-t>iJ-0tto 
m3(D&m<DMt&<»-k>7.3.-y h©lE!8&0T"&&o 

[011] *56WC«t**iB»ttB»ffl-t>tJ-|HlJ60 
i4roHlWi©t>7a-7 h©(eIS&0T-fe«.. 
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[012] #3BWKJ:**iii»ttBttffl'te>1J-|5il8© 
^5©Hffi©^ffi©ir>xa-«v HOHteHTf**. 

[013] #$SHK**aiIi»ttI8BMl1:>tfBI&© 
S66©*Jfi©»JB©-t>*a:ry h©[5jg§0T<&3. 

[014] 0 i 3 tc^tfe-fe>xo.- y wm^m. 

[015] **Wtr«t**iiiJB«B«ffl-fe>-9-igtt© 

[016] *5BW£J:S*iB#ttBIMit >1*B!&© 
io *8©IIJfi©»tR©»JS£*t":/nyireiT»«. 

[017] #f8WK«fc*«iB»tt««ffl-fc>-!i-@tt© 

i7 0T*&&<, 

[0 18] 01 7lr^Lfc-fe>Xa--7 h©ffi©^fi£ 

&^-r^n<v^0-ei&5. 

[019] 02 t*^5«^lHi|HIBS©fl!l©^S0yS: 
[020] t£*©affi»ttB«ffi-fe >U-|hIB© 1 -3-— 

20 [021] 02 o iz^Ltz&mBftmmm-t 

©6BS0T&5. 
[02 2] 0 2 0{C^LfcSffiPttB^/B-fe>U-|Hl8& 

©®!&0Tf&-5. 

[02 3] 0 2 2 C*Ufc*Bi»ttB»ffl-fe>-tHS»S 
©Bof^SttWf *it»©^'f 5 >^ft-K'*5. 
[^©UJBJ] 

l--t>X3.--yh, 2— fe>D-7V"f, 3-S, 1 
0, 18, 1 9-*U«f . 11-*«M«. 12, 
14-»»R. 13-E«. 15-^7^ 16-t> 

30 1 7-/1->^— z/3 >J8I, 2 0, 2 2, 2 3, 

5 2 -flre»£SH», 2 1 a-m 2 4-fEI. 
3 0~3 2 -{g^iH@|5]!&, 3 3-SffiH<i8g, 3 4- 
*l/>h5^-[U8S, 4 0, 4 2-- Hi^[5IS&. 4 1-- f 
>/\*-*y-K 5 o -Si|SflMHS£liI!&. 51-sqs 
iH^f. Cf, Cr, Cs, — ^H, Cpla, Cp2 
a, Cplb, Cp2b, Cplc, Cp2c-?4g 
Nla, N2a, Nib, N2b, Nlc, N2c 
PRE, RE-i^. Ra, Rb-fiR, Ql 
a~Q4a, Qlb~Q4b, Qlc~Q4c, Q5~ 

40 Q 1 1 -MOS SW-X-f7fff, S 

Wl~SW9-M7f. VDD, VG-tE, VR-pJ 
JEfitft*^. Vth-U*^««ffi, At-WW, AV- 
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